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R^OPARTICtJ^ATS STSXOX. FOS?iUt<M , iOMS A5fD STSROI, COMB X S3 AT 1 iW S 

FIEIJD OF TJir INVENTION 

5 

The present invention relates to uanopcrtlcobie compositions comprising sterols 
and/or stanols, collectively referred to as 'Sterols,'* and novel sterol'stanoi combinations. 
The nanopartictdate sterol particles preferably have an effective average panicle size of 
less torn about 2000 tint. In another aspect, this invention includes novel combinations of 
10 sterols and other cholesterol lowering agents and methods of using the same. 

BACK-GROUND OF THE INVENTION 
1, j^kgrosmd ^ 

15 

Na^qparbcaiate active agent compositions, fust described in U.S. Patent Mo. 
5,145,684 ("the '684 patent"), are particles consisting of a poorly soluble therapeutic or 
diagnostic agent having adsorbed onto, or associated with, the surface thereof a non- 
crosslinked surface stabilteer. Many factors can-affect bioavailability including the 

20 dosage form and various properties, e.g., dissolution rate of the drug. Poor bioavailability 
is a significant problem encountered in the development of pharmaceutical compositions, 
particularly those containing an active ingredient that is poorly soluble in water. By 
decreasing the particle size of an active agent, the surface area of the composition is 
increased, thereby generally resulting its an increased bioavailability. The '684 patent 

25 does not teach nanopafttcuiate compositions of sterols. 

Methods of making nanoparticakte active agent compositions are described in, for 
example, US. Patent Nos. .5,518,18? and 5,862.999, both for 'Method of Grinding 
Pharmaceutical Sebstanees;" U.S. Patent No. 5,718388, for "Continuous Method of 

1 
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Grinding .Pharmaceutical Substances;" and US.. Patent Np, 5,510,118 for "Process of 
Preparing Therapeutic Compositions Containing Nanoparticfes. 5 ' None of these patents 
teach nanoparticulate compositions of sterols. 

Nanoparticuiate active agent compositions are also described, for example, in US. 
5 Patent Nos. 5,298,262 for "Use of Ionic Cloud Point Modifiers to Prevent Particle 
Aggregation During Sterilization;'' 5,302,401 for -Method to Reduce Particle Size 
Growth During Lyophilization;" 5,318,76? for ''X-Ray Contrast Compositions Useful in 
Medical imaging;" 5,326,552 for "Novel Formulation For Nanoparticulate X-Ray Blood 
Pool Contrast Agents Using High Molecular Weight Non-sonic Surfactants;" 5,3.28,404 

10 for "Method of. X-Ray imaging Using lodinated Aromatic Propancdioatesf 5,336,507 for 
"Use of Charged Phospholipids to Reduce Nanoparticle Aggregation;" 5,340,564 for 
-Formulations Comprising OHn 10-0 to Prevent Particle Aggregation and increase 
Stability;" 5,346,702 for "Use of Non-Ionic Cloud Point Modifiers to Minimize 
Nanoparticuiate Aggregation. During Sterilization;" 5,349,957 for "Preparation and 

15 Magnetic Properties of Very Smal l Magnetie-Dextran Particles;" 5,352,459 for "Use of 
Purified Surface Modifiers to Prevent Particle Aggregation During Sterilization;" 
5,399,363 and 5,494,683, both for "Surface Modified Anticancer Nanoparticles;" 
5,401,492 for "Water Insoluble Non-Magnetic Manganese Particles as Magnetic 
Resonance- Enhancement Agents;" 5,429,824 for "Use of Tyloxapol as a Nanoparticuiate 

20 Stabi lizer;" 5,447,7 10 for "Method for Making Nanoparticuiate X-Ray Blood' Pool 

Contrast Agents Using High .Molecular 'Weight Non-ionic Surfactants;" 5,451,393 for "X- 
Ray Contrast Compositions Useful in Medical Imaging;" 5,466,440 for "Formulations of 
Oral Gastrointestinal Diagnostic X-Ray Contrast Agents in Combination with 
Pharmaceutically Acceptable Clays;" 5,470,583 for "Method of Preparing Nanoparticle 

25 Compositions Containing Charged Phospholipids to Reduce Aggregation;" 5,472,683 for 
"Nanoparticuiate Diagnostic Mixed Carbamic Anhydrides as X-Ray Contrast Agents for 
Blood Pool and Lymphatic System Imaging;" 5,500,204 for "Nanoparticuiate Diagnostic 
Dimers as X-Ray Contrast Agents for Blood Pool and Lymphatic System imaging;" 
5.518J3S for "Nanoparticuiate NS AID Formulations;" 5,521,218 for "Nanoparticuiate 
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Jododipamide Den vatives for Use. as X-Ray Cpttlrast: Agents;,": 5,525328 for 
"Nanopailsculate Diagnostic Diatrizoxy Ester X-Ray Contrast Agents for Blood Pool and 
Lymphatic System imaging;" 5343,133 for 'Process of Preparing X-Ray Contrast 
Compositions Containing Nanoparticles;" 5,552,160 for "Surface Modified NSAID 
5 Nanoparticles;'' 5,560,931 for 'FomuladOos of Compounds as Nanoparticulate 
Dispersions to Digestible Oils or Fatty Acids." 5,56x188 for "Poiyalbyiene Block 
Copolymers as Surface Modifiers for Nanopartjcies;" 5,569,448 for '"Sulfated Non-ionic 
Block Copolymer Surfactant as Stabiliser Coadngs for Hanoparticle Compositions;" 
5,371,536 for "Formulations of Compounds as Nanoparticulate Dispersions in Digestible 

10 Oils or Fatty Acids;" 5,573/749 for ! ??anoparticulate Diagnostic Mixed Carboxylic 
Anydridss as X-Ray Contrast Agents for Blood Pool -.and Lymphatic System Imaging;" 
5,573,750 for "Diagnosis Imagirsg X-Ray Contrast Agents;' 5 5,573,783 for "Redispesslble 
Nandpaftieulate Film Matrices With Protective Overcoats;" 5,580,579 for "Site-specific 
Adhesion Within the 01 Tract Using Nanoparticles Stabilized by High Molecular Weight, 

i5 Linear Poiyfethyiene Oxide) Polymers;" 5,585,108 for "Formulations of Oral 

Gastrointeslma! Therapeutic Agents in Combination vyjfh Pharmaceutical ly Accftpiabfe: 
Clays;" 5,587,143 for "Butyieoe Oxide-Ethylene Oxide Block Copolymers Surfactants as 
Stabilizer Gdatmgs far Nanoparticulate Compositions;" 5,591,456 for "Milled Naproxen 
wth Hydrox^rupyii Cellulose as Dispersion Stabilizer;" 5,593,657 for "Novel Barium 

20 Salt Formulations Stabilized by Non-ionic and Anionic Stabilizers;" 5,622,938 for "'Sugar 
Based Surfactant for Nanocrystals;" 5,628,981 for 'Improved Fomtulations of Oral 
Gastrointestinal Diagnostic X-Ray Contrast Agents and Oral Gastrointestinal Therapeutic 
Agents;" 5,643,552 for "Nsnoparticuiate Diagnostic Mixed Carbonic Anhydrides as X- 
Ray Contrast Agents for Blood Pool and lymphatic System Imaging/' 5,7] 8,388 for 

25 ''Continuous Method of Grinding Pharmaceatkai Substances;" 5,7 1 8,9 1 9 for 

"Nanopartkka Containing the R(-)Enantionier of Jbuprofenf' 5,747,001 for "Aerosols 
Containing Becioraethasone Nanoparticle Diversions;" 5,834.025 for "Reduction of 
Intravenously Administered Nanopartieoiate Formulation mdueed Adverse Physiological 
Reactions;" 6,045,829 "Naaoerystalime Formulations of Human inm-anodeficiency Virus 
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(HIV) Protease Inhibitors Using Ceilulosic Surface Stabilizers;" 6,068,858 for "Methods 
of Making NanocrystaHroe Formulations of Human 'Immunodeficiency Vi ms (HIV) 
Protease Inhibitors Using Celltuoslc Surface Stabilizers;" 6,153,225 for "Injectable 
Formulations of Nanoparticulate Naproxen;"' 6,165,506 for "New Solid Dose Form of 
5 Nanoparticulate Naproxen;" 6,22 1,400 for "Methods of Treating Mammals Using 
Nanocrystallme Formulations of Human iminunodeficiency Virus {HIV) Protease 
Inhibitors;" 6,264,922 for "Nebulized Aerosols Containing Nanoparticle Dispersions;" 
6,267,989 for "Methods for Preventing Crystal Growth and Particle Aggregation in 
Nanoparticle Compositions;" 6,270,806 for "Use of PEG-Derivatized Lipids as Surface 

10 Stabilizers for Nanoparticulate Compositions;" 6,316,029 for "Rapidly Disintegrating 
Solid Oral Dosage Form," 6,375,986 for "Solid Dose Nanoparticulate Compositions 
Comprising a Synergistic Combination of a Polymeric Surface Stabilizer and Dioctyl 
Sodium Sulfosuecinate;" 6,428,814 for "Bioadhesive Nanoparticulate Compositions. 
Having Catiortic Surface Stabilizers;" 6,43 L478 for "Small Scale Mill;" and 6,432,381 

15 for "Methods for Targeting Drug Deii very to the Upper and/or Lower Gastrointestinal 
Tract," ail of which are specifically incorporated by reference, to. addition, U.S. Patent 
Application No. 20020012675 AI, published on January 31, 2002, for "Controlled 
Release Nanoparticulate Compositions," describes nanoparticulate compositions, and is 
specifically Incorporated by reference. None of these patents teach nanoparticulate 

20 compositions of sterols. 

Amorphous small particle compositions are described, for example, in U.S. Patent 
Nos. 4,783,484 for "Particulate Composition and Use Thereof as Antimicrobial Agent;" 
4,826,689 for "Method for Making Uniformly Sized Particles from Water-Insoluble 
Organic Compounds;'* 4,997,454 for "Method for Making Uniformly-Sized Particles 

25 From Insoluble Compounds;" 5,741,522 for "UStrasmall, Non-aggregated Porous Particles 
of Uniform Size for Entrapping Gas Bubbles Within and Methods;" and 5,776,496, for 
"Ultrasmali Porous Particles for Enhancing Ultrasound Back Scatter," 
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II, Baekjgmndjtegardios Sterols 

Plant sterols have been used as dietary suppleinems for the reduction of serum 
cholesterol levels. High XDL cholesterol levels have 'beep .shown. *a be an important risk 
5 factor in the development of arteriosclerosis and ischemic heart disease. Thus, lowering 
blood serurn cholesterol levels for subjects at .risjtqf such conditions is desirable. 

Typically it has been necessary to ineorootate sterols in a suitable material, such as 
a margarine, in which the waxy nature of ths sterol can be tolerated. There have been 
reports that describe how the esters fi cation of sterols t stanois) to a fatty acid, or edible oil 
10 produces a sterol ester (also called a standi) with improved micelle solubility 

characteristics. For example, when sitostano! is estenfied to an edible oil such as- 
rapeseed oil, a wax-like mixture of fatty acid esters with excellent lipid solubility results, 
These sterol esters are conveniently incorporated into food products such as margarine 
U.S.. Patent Nos. 6,387,411. and 6,376,481 describe sterol/sianol particles in the 
IS range of 10-150 microns and 10-40 microns to be most effective when ingested. 
Conventionally, plant sterols have been incorporated into food products by 
melting a sterol or stanol, Ineorporating it into an oil phase, and blending she oil phase 
with other components to result m a plant sterol -convening food product. However, plant 
sterols generally are insoluble and have high melting points (i.e., about 1.30-1SO°C), which 
20 can result m significant crystallisation of the plant sterols within the oil phase of such 

food products- Such crystallization results in food products with a gritty and unacceptable 
texture. This gritty texture is especially detectable when the oil/plant sterol phase is 
incorporated at high levels in the food product. The high melting points and hydrophobic 
nature of such plant -sterols also makes it difficult to blend such plant sterols with an 
25 aqueous phase. Furthermore, actual melting of the plant sterol for incorporation into food 
products is energy intensive. 

Attempts have been made to solve these problems nsing, tor example, chemical 
modification of the plant sterols- For example, esteriileation of plant sterols generally 
results in lowerod melting temperatures. Thus, such plant sterol esters generally may be 
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incorporated into food products more readily due to the lower melting points and can 
provide food products without significant gritty texture. 

The mechanism by which piant sterols achieve the effect of lowering serum 
cholesterol has not been fully elucidated. It is believed that plant sterols interfere with 
5 cholesterol absorption by competition-type mechanisms. Cholesterol absorption appears 
to take place primarily in the proximal third of the small intestine. Cholesterol esters 
roust be converted to their free hydroxy! form by the action of cholesterol esterases before 
they cart be absorbed. The free cholesterol requires bile salts for solubilization and 
absorption. Bile salts form an aqueous dispersion of micelles in which the cholesterol is 

10 solubilized along with phospholipids and hydrolysis products of other dietary lipids. 

Micelles transport the cholesterol across the hydrophilic barrier (the unstirred water layer) 
to reach the surface of the intestinal mucosa. At the mucosa, it is thought that the 
cholesterol dissociates from the micelle and is transported into the mucosa cells by a 
process which has not yet been fully defined but may include passive exchange diffusion 

1 5 or by protein -mediated transport, 

Plant sterols could interfere with cholesterol absorption by the following genera! 
mechanisms: (a) competition with cholesterol for absorption into the bile-salt micelles, 
and/or (b) competition with the transport mechanism into the mucosa ceils. 

It would be desirable to provide stable, dispersible sterol particles, up to about the 

20 2000 rim size range, which can be readily prepared and formulated in pharaiaceutieally 
useful and more convenient, palatable forms for consumption. The present invention 
satisfies these needs. 

SUMMARY OF THE INVENTION 

25 

The present invention relates to nanoparticuiate active agent compositions 
comprising at least one sterol and/or stariol, collectively referred to as a "sterol", and 
novel sterol combinations. The compositions -preferably comprise at least one sterol and 
at least one surface stabilizer adsorbed on of associated with the surface of the one or 
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more sterol particles. ThfcnaSMjjtttictdfl* sterol particles preferably have an effective 
average particle size of less than; about 2000 urn. 

Another aspect of the feve«Mors is directed to pharmaceutics; compositions 
comprising a nartopariieulate sterol composition of the invention. Ths pharmaceutical 
5 compositions preferably comprise at least one sterol, at least one surface stabilizer, and at 
least one pharmaceutical))* acceptable canier, as well as any desired excipients known to 
those in the art and formulated into the dosage form desired. 

In another aspect of this invention, riovet combinations of sterols and at least one 
other cholesterol lowering agent ate desenhed and memoes of usmg ttte same are taught. 
10 Another aspect, of the invention is directed to a nanpp&rdeulate sterol composition 

having improved pharmacokinetic profiles as compared to conventional microcrystalline 
'sterol fontsulations, such as improved "C m a, C^, and/or AUC parameters.. 

One emhddimen;: of the invention encompasses a sterol standi composition, 
wherein the pharmacokinetic profile of the sterol is not affected by the feci or fasted state 
.1.5 of a subject ingesting the composition, preferably as defined by Cmx tad AUG guidelines, 
given by the U.S. Food and Drug Administration and/or the cowspouding European 
regulatory agency (EMEA). 

In yet -another embodiment, the invention -encompasses' a sterol composition of the 
Invention, wherein administration of the composition to a subject in g fasted state is 
20 bioequivaient to administration of the composition to a subject in a .fed state, in p&rueolar 
as defined by and AUC gnidelmes given by the U.S. Pood and Drug Administration 
and the corresponding European regulatory agency (EMEA). 

Other embodiments of the invention include, but a;e not limited to, 
nanopeiticulate sterol compositions which, as; compared to conventional non- 
25 nanoperticuJate formulations of the same sterol, preferably have one or more of the 

following properties : (i } smaller tablet or other solid dosage form size; (2) smaller doses 
of drag required to obtain the same pharmacological effect; {3} increased bioavailability; 
(4) an increased rate of dissolution for the nanopartveulate sterol compositions; and 
(6) bioadhesive sterol compositions. 
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This invention further discloses a method of making a nanoparticuiate sterol 
composition according to the invention.-. Such method comprises contacting at least one 
sterol with at least one surface stabilizer for a time and under conditions sufficient to 
provide a nanoparticuiate sterol composition. The one or more surface stabilizers can be 
5 contacted with the sterol before, preferably dining, or after size reduction of the sterol. 
The present invention is also directed to methods of treatment using the 
nanoparticuiate sterol compositions of the invention for conditions such as 
hypercholesterolemia, hypertriglyceridemia, coronary heart disease, and peripheral 
vascular disease (including symptomatic carotid artery disease}. In one aspect, the 

10 compositions of the invention can be used as adjunctive therapy to diet for the reduction 
of'LDL-C, totai'C, triglycerides, and Apo B in adult patients with primary 
hypercholesterolemia or mixed dyslipkiemia (Fredrickson Types lia and Jib). In another 
aspect, the compositions can be used as adjunctive therapy to diet for treatment of adult 
patients with hypertriglyceridemia (Fredrickson Types TV and V hyperiiptdemia). 

15 Markedly elevated levels of serum tryglycerides (e.g.,> 2000 mgAJL) may increase the 
risk of developing pancreatitis. Other diseases that may be directly or indirectly 
associated with elevated, uncontrolled cholesterol metabolism, e.g., restenosis and 
Alzheimer's disease, may also be treated with the compositions of this invention. Other 
methods of treatment using the nanoparticuiate sterol compositions of the present 

20 invention are known to those of skill in the art 

Such methods comprise administering to a subject a therapeutically effective 
amount of a nanoparticuiate sterol pharmaceutical composition according to the 
invention. 

Both the foregoing general description and the following detailed description are 
25 exemplary and explanatory and are intended to provide further explanation of the 
invention as claimed. Other objects, advantages, and novel features will be readily 
apparent to those skilled in the art from the following detailed description of the 
invention. 
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DETAILED DESOElFnOK OF THE IN VENTION 

The present mveation relates to nanopartieujaKe active agent compositions 
comprising at least one sterol and/or stanol collectively referred to as a "sterol", and 
S novel sterol amVor stanof combinations Bxamples of useful sterols htclude. e.g. . 

sitosterol and pbytostero'L The compositions preferably comprise at least one sterol and at 
least one surface stabiliser adsorbed on or associated with the surface of the sterol 
particles. The riartoparbcuiate sterol particles preferably have an effective average particle 
sisse of less than about 2000 nm. 

10 As taught in the '684 patent not every combination of surface stabilizer and active 

agent will result in a stable nanopariieulate composition. It was surprisingly discovered 
that stable nanopstljculate sterol compositions cm be made, 

A need exists -for safer and higher potency sterols. Compositions of 
nanoparticciate sterols decrease the amount of drug needed and this, in turn, decreases 

15 adverse Side effects While providing maximum dose response. Additionally, a longer 
plasma half-life is believed to foe associated with nanoparttcu l ate sterol compositions of 
the invention. Moreover, increasing the duration of effect of the -sterol compositions is 
expected to result in even lower seram cholesterol levels, with a further reduction in dose 
expected. 

20 In. general, the. rate of dissolution of a particulate drag can increase with increasing 

surface area, decreasing particle size. Consequently, methods of making finely 
divided drugs have been studied and efforts have beet? made to control the size and size 
range of drug particles in pharmaceutical compositions. However, nanoparticukte active 
agent formulations suitable for administration as a pharmaceutical require formulation of 

25 the active ingredient into a colloidal dispersion exhih-bag the acceptable nanoparticle size 
range and the stability to maintain such stee range and not agglomerate. Merely 
increasing surface ares by decreasing particle size does not assure success. Further 
challenges include forming solid dose forms redispersmfe into the nanoparticle form upon 
administration to the patient to maintain the benefit of the nanoparticle sterol over the 
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traditional dosage form. 

Advantages of the nanoparticulate sterol compositions of the invention as 
compared to conventional notnianoparticulate formulations of the same sterol preferably 
include, but are not limited to: (1) smaller tablet or other solid dosage form size; 
5 (2) smaller doses of drug required to obtain the same pharmacological effect; 

(3) increased bioavailability; (4) substantially similar pharmacokinetic profiles of the 
nanoparticulate sterol compositions when administered in the fed versus the fasted state; 
{5) improved pharmacokinetic profiles; (6) bioequi valency of the nanoparticulate sterol 
compositions when administered in the fed versus the fasted state; (?) an increased rate of 

10 dissolution for the nanoparticulate sterol compositions; (8) bioadhesive sterol 

compositions; and (9) the nanoparticulate sterol compositions can be used in conjunction 
with other active agents. 

The present invention also includes nanoparticulate sterol compositions together 
with one or more notwoxtc physiologically acceptable carriers, adjuvants, or vehicles, 

15 collectively referred to as carriers. The compositions can be formulated for parenteral 
injection intravenous, intramuscular, or subcutaneous), oral administration in solid, 
liquid, or aerosol form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops), 
buccal, intracistemai, intraperitoneal, or topical administration, and the like. 

A preferred dosage form of the invention is a solid dosage form, although any 

20 pharmaceutical!}' acceptable dosage form can be utilized. Exemplary solid dosage forms 
include, but are not limited to, tablets, capsules, sachets, lozenges, powders, pills, or 
granules. The solid dosage form can be, for example, a fast melt dosage form, controlled 
release dosage form, iyophilized dosage form, delayed release dosage form, extended 
release dosage form, pulsatile release dosage form, mixed immediate release and 

25 controlled release dosage form, or a combination thereof A solid dose tablet formulation 
is preferred. 

The preferred method by which the composition of the present invention is used to 
reduce cholesterol absorption includes the step of mixing the composition with foods and 
beverages and mixing. The novel food additive is also effective as an additive in 

10 



margarine, cooking oils or shortening and preferably -fruit anil vegetable juices preferably 
orange of tormtto juice fer the purpose of reclucing serm?i cholesterol m humans who 
ingest food products made with the novel composition of this invention. 

The present invention is described herein using several definitions, as set forth 
5 below and throughout the application, 

"About" will be understood by persons of ordinary skill in the art and will vary to 
some extent on (he context in which the term is used. If there are uses of the term which 
are not dear to persons of ordinary skill in the art given the context m which it is used, 
"•about" will mean up to plus or minus 10% of the particular term. 
10 "Conventional" or "non-r-anoparticulate active agent" shall mean an active agent 

which is sohibillzed or which has an effective. average particle size of greater than about 2 
microns. 

"Poorly water soluble drags" as used herein means those ha ving a -solubility of 
less than about 36 mg/ml, preferably less than about 20 mg/ml, preferably less than about 
.25 Wmg/sri, or preferably less than about 2 mg/ml. Such drugs land to be eliminated from 
the gastrointestsnai tract before: being absorbed into the circulation. Moreover, poorly 
water soluble drugs tend to be unsafe for intravenous administration techniques, which arc 
used primarily in conjunction with highly water -soluble dfag substances. 

As used herein with reference' to stable sterol particles, "stable" includes, but is 
20 hot limited to, one or more of the following, parameters: (!) that the sterol particles do 
hot appreciably flocculate or agglomerate due to mterpMicle attractive forces, or 
otherwise significantly increase in particle size over time; <2) that the physical structure of 
the sterol particles is not altered over time, such by conversion from an amorphous 
phase to crystalline phase; (3) that the sterol particles are chemically stable; and/or 
25 (4) where the sterol has not been subject to; a beating step at or above the melting point of 
the sterol in the preparation of the nanoparticles of the invention. 

As used herein, the tern: ! 'sterol" encompasses both sterols and stanois. 

"Therapeutically effective amount" as used herein with respect to & drug dosage, 
shall mean that dosage that provides the specific pharmacological response for which the 
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drug is administered in a significant number of subjects in need of such treatment it is 
emphasized that "therapeutically effective amount " administered to a particular subject in 
a particular instance will not always be effective in treating the diseases described herein, 
even though such dosage is deemed a Hherapeuticahy effective amount' by those skilled. 
5 in the art. It is to be further understood that drug dosages are, in particular instances, 
measured as oral dosages, or with reference to drug levels as measured in blood. 

i. "Prefe rred iii Charactenstics i of the Sterol Compositions of the Invention 

10 A , Increased Bioavailability and Lower Dosages 

The sterol compositions of the invention preferably exhibit increased 
bioavailability, at the same dose of the same sterol, require smaller doses, and show 
longer plasma half-lite as compared to prior conventional sterol formulations. 

15 hi one aspect of the invention, pharmaceutical sterol compositions have enhanced 

bioavailability such that the sterol dosage can be reduced, resulting in a decrease in 
toxicity associated with such sterols. It has been surprisingly found in the present 
in vention that stable compositions of nanoparticuiate sterols can be formed that permit 
therapeutic levels at desirably lower dosage. 

20 Greater bioavailability of the sterol compositions of the invention can enable a 

smaller solid dosage size. This is particularly significant for patient populations such as 
the elderly, juvenile, and infant. 

B. Improved Pharmacokinetic Profiles 

25 The invention also preferably provides sterol compositions having a desirable 

pharmacokinetic profile when administered to mammalian subjects. The desirable 
pharmacokinetic profile of the sterol compositions preferably includes, but is not limited 
to; (1) that the T TO; « of a sterol when assayed in the plasma of a mammalian subject 
following administration is preferably less than the Tr** for a conventional, non- 
30 nanoparticuiate form of the same sterol, administered at the same dosage; (2) that the C fflas 
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of a sterol wheis assayed in £he plasma of a mammalian subject following administration 
is preferably greater than the C ; , :i ;; for a convaiitioiiaL non-nanopanieolate form of the 
same stesx>l s administered at the same dosage; and/or (3) that the AUG of a stem! when 
assayed in the plasma of a mammalian subject following administration, is preferably 
5 greater than the AUC for a conventional, nou-manoparticulate form of the same sterol, 
administered at she same dosage. 

The desirable pharmacokinetic profile, as used herein, is the pharmacokinetic 
profile measured after the initial dose of a sterol. The compositions can be formulated in 
any way as described be-low and as known to those of skill in the art. 

.1.0 A preferred sterol composition of the invention exhibits in comparative 

pharmacokinetic testing with armn-nanoparticulatsfommiatioo of the same. sterol, 
administered at the same dosage, a !W not greater than about 90%, not greater than 
about 80%, not greater than about 70%, not greater than about 60%, not greater than about 
50%, not greater than about 30%. not greater than about 25%, not greater than about 20%, 

15 not greater than about ii5%,or not greater than about .10% of the Ta,^-, .exhibited by the 
non-natiopart-ieulate fbanufatiDn of the same sterol. 

A preferred sterol and composition of the invention exhibits in comparative 
pharmacokinetic testing with a non-nanoparticttlate .formulation of the same sterol, 
administered at the same dosage, a C m * which is at least about 10%, at least about 20%. 

20 at least about 30%, at least about 40%, at least about 50%, at least about 60% , at least 

about 70%, at least about 80%, at least about 90%, or at least about 100% greater than the 
Cm % exhibited by the ^n-n^partlcafate:%raaittiafi.on-^f the same sto ol, 

A preferred sterol composition of tire invention exhibits m comparative 
pharmacokinetic testing with a rsofj-nanapartieulate formulation of the same sterol, 

25 administered at the same dosage, an AUG which Is at least about 10%, at least about 20%, 
at least about 30%, at least about 40%, at least about 50%, at least about 60% , at least 
about 70%, at least about 80%, at least about 90%, or at least about 100% greater than the 
AUC exhibited by the non -nanoparticulate formulation of the same sterol. 
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Any formulation giving the desired pharmacokinetic profile is suitable for 
administration according to the present methods. Exemplary types of formulations giving 
such profiles are liquid dispersions, gels, aerosols, ointments, creams, solid dose forms, 
etc. of a nanoparticulate sterol. 

5 C. The Pharmacokinetic Profiles of the Sterol Compositions of the 

Invention are not Affected by the Fed or Fasted State of the Subject 
Ingesting the Compositions 

The invention encompasses sterol compositions wherein the pharmacokinetic 
.1 0 prof ile of the sterol is preferably not substantially affected by the fed or fasted state of a 
subject ingesting the composition, when administered to a human. This means that there 
is no substantial difference in the quantity of drug absorbed or the rate of drug absorption 
when the nanoparticuiate sterol compositions are administered in the fed versus the fasted 
state, 

IS The invention also encompasses a sterol composition in which administration of 

the composition to a subject in a fasted state is 'bioequivaiem to administration of the 
composition to a subject in a fed state. "Bioequivaleoey" is preferably established by a 
90% Confidence Interval (CI) of between 0,80 and .1 .25 for both C msx and AUC under 
U.S . .Food and Drug Administration regulatory guidelines, or a 90% CI for AUC of 

20 between 0.80 to 1,25. and a 90% CI for C re33i of between 0.70 to 1 ,43, under the European 
EMEA regulatory guidelines (T max is not relevant for bioequivaleocy determinations 
under USED A and EMEA regulatory guidelines}. 

Benefits of a dosage form which substantially eliminates the effect of food include 
an increase in subject convenience, thereby increasing subject compliance, as the subject 

25 does not need to ensure that they are taking a dose either with or without food. This is 
significant, as with poor subject compliance an increase in the medical condition for 
which the drug is being prescribed may be observed. 

The difference in absorption of the Sterol Compositions of the invention, when 
administered in the fed versus the fasted state, preferably is less than about 100%, less 

30 than about 90%, less than about 80%, less than about 70%, less than about 60%, less than 
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about 50%, less Ossa about 40%, less than about 30%, Jess than about 25%, jess than 
about 20%, less thae about 15%, less than about 10%, less than about 5%, or less than 
about 3%. 

5 IX Disselttdon Profiles of the Sterol Compositions of the Invention 

The sterol compositions of She invention preferably have unexpectedly dramatic 
dissolution profiles. Rapid dissolution of so administered active agent is preferable, as 
faster dissolution generally leads to fester onset Of action and greater bioavailability. To 

10 improve the dissolution profile stod bioavailability of sterols it would be useful to increase 
the drag's di.ssol.udoa so that it could attain* .level close to 100%. 

The 'sterol compositions of the mvenuon preferably have a dissolution profile in 
which within about 5 minutes at least about 20% of the composition is dissol ved. In Other 
embodiments! of the sovemion, at least about 30% or about 40% of the sterol compositioa. 

15 is dissolved within about "S minutes. In yet other embodiments of the -'invention, 

preferably at least shout 40%, about 50%, about 60%, about 70%, or shout 80% of the 
sterol composition h dissolved mMn about 10 minutes. Pinfcliy^-ia another embodimeot 
of the invention, preferably at least about 70%, about 80%, about 90%, or about 100% of 
the sterol composition is dissolved within about 20 minutes. 

20 Dissolution is preferably measured in a medium which ;s discriminating. Such a 

dissolution medium will produce two very different dissolution. curves for two products 
haying very diff ereat .dissolution profiles in gastric juices; *.e.,the dissolution medium is 
predictive of in viva dissolution of a composition. An exemplary dissolution medium is 
m aqueous medium containing the surfactant sodium iaury? sulfate at 0.02.5 M 

25 Determination of the amount dissolved, can he canied out by spectrophotometry. The 
rotating blade method (European Phannaeopoeia} can be used to measure dissolution. 
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E, Redispersibility Profiles of the Sterol Compositions of the Invention 

An additional feature of the sterol compositions of the invention is that the 
compositions preferably redisperse such that the effective average particle size of the 
5 redtspersed sterol particles is less than about 2 microtis. This is significant, as if upon 
administration the nanoparticulate sterol compositions of the invention did not redisperse 
to a substantially nanoparticulate particle size, then the dosage form may lose the benefits 
afforded by formulating the sterol into a nanoparticulate particle size. 

This is because nanoparticulate active agent compositions benefit from the small 
10 particle size of the acts vc -agent; if the active agent does not redisperse into the small 
particle sizes upon administration, then "clumps" or agglomerated active agent, particles 
are formed, owing to the extremely high surface free energy of the nanoparticulate system 
and the tftermodyrtamsc driving force to achieve an overall reduction in free energy. With 
the formation of such agglomerated panicles, the bioavailability of the dosage form may 
15 fall well below that observed with the liquid dispersion form of the nanoparticulate -active 
agent. 

Mate-over, the nanoparticulate- sterol compositions of the invention preferably 
exhibit dramatic redispersion of the nanoparticulate sterol particles upon administration to 
a mammal, such as a human or animal, as demonstrated by reconstitutioti/redispersion in a 

20 biorelevant aqueous media such that the effective average particle size of the redispersed 
sterol particles is less than about 2 microns. Such biorelevant aqueous media can be any 
aqueous media that exhibit the desired ionic strength and pH, which form the basis for the 
bioreJevance of the media. The desired pH and ionic strength are those that are- 
representative of physiological conditions found in the human body. Such biorelevant 

25 aqueous media can be, for example, aqueous electrolyte solutions or aqueous solutions of 
any salt, acid, or base, or a combination thereof, which exhibit the desired pH and sonic- 
strength. 

Biorelevant pH is well known in the art. For example, in the stomach, the pH 
ranges from slightly less than 2 (but typically greater than 1) up to 4 or 5. In the small 
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intestine the pH can range from 4 to 6, md.m xh&xMon it cm rm^imm 6 to 8, 
Bioreseyam md'm strength k also sveji known i« thff art, Fasted state gastric fluid has m 
ionic strength of about 01 M while ^i^. : «tateintestmarflutd has m sonic strength of 
about 0, 14. See ?,f .., Lmdahl ct ah, Characterization of Fluids from the Stomach and 
Proximal Jejunum is Men and Women* itern. (4}: 497-502 (1997). 

It is believed thai the pH md ionic strength of the test solution is more critical than 
the specific chemical content. Accordingly,, appropriate pH and ionic strength values cm 
be- obtained through numerous combinations of strong acids, strong bases, salts, single or 
multiple conjugate seid-tase pairs (he,, weak acids and corresponding salts of that acid), 
monoprotic and polyorotic electrolytes, etc. 

Representative electrolyte solutions can he. but are not limited to, HQ solutions, 
ranging in concentration torn about 0,001 to about 0,1 M, and NaQ solutions, ranging in 
concentration fern aht>qt 0,001 to about 0. 1 M, and mixtures thereof. For example, 
electrolyte solutions can be, but are not limited to, about 0-1 M HC1 or less, about 0.01 M 
HCI or less, about. 0.00.1 M HCI or less, about 0,1 M SaGl oriess* about 0.01 M Nader 
less, about O.0O.LM NaP or less, and mixtures thereof. Of these electrolyte solutions, 
0.01 MiiCJ m&ot 0, 1 M NaCh arc most representative of fasted human physiological 
conditions, owing to ihepH and ionic strength conditions of the proximal gastrointestra&i 
tract. 

Electrolyte concentrations of 0-001 M HCI, QM M HCI, and 0.1 M HCI 
correspond to pH 3. pH 2, and pH ^respectively. Thes, a 0.01 M HCI solution simulates 
typical acidic conditions found in the stomach. A solution of 0.1 M NaCl provides a 
reasonable approximation of the ionic strength conditions found throughout Che body, 
5 including the gastrointestinal fluids, although concentrations higher than 0, 1 M may be 
employed to simulate fed conditions within the burnaTt GI tract. 

Exemplary solutions of salts, acids, bases or combinations thcssof, which exhibit 
the desired pH and ionic strength, include but are not limited to phosphoric 
acid/phosphate sails f sodium, potassium and calciuOi salts of chloride, acetic add/aceia-e 
10 salts 4- sodium, potassium and calcium salts of chloride, carbonic add/bicarbonate salts f 
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sodium, potassium and calcium sails of cldoride, and citric acid/citrate salts + sodium, 
potassium and calcium salts of chloride. 

In other embodiments of the invention, the redisperssd sterol particles of the 
invention (redispersed in an aqueous, biorelevant, or any ether suitable media) have an 
5 effective average particle size of less than about 1900 nm, less than about 1800 nm, less 
than about 1700 nm, less than about J 600 nm, less than about 1500 nm, less than about 
1400 nm, less than about 1300 nm, less than about 1200 nm, less than about ! 100 nm, 
less than about 1000 nm, less than about 900 nm, less than about 800 nm, less than about 
700 nm, less than about 600 nm, less than about 500 nm, less than about 400 nm, less 

10 than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150 
nm, less than about 100 nm, less than about 75 nm, or jess than about 50 nm, as measured 
by light-scattering methods, microscopy, or other appropriate methods. 

By ,s an effective average particle sue of less than about 2000 nm" it is meant that 
at least 50% of the sterol particles have a particle size of less than the effective average, 

15 by weight, i.e., less than about 2000 nm, 1900 nm, 1800 nm, etc., when measured by the 
above-noted techniques. Preferably, at least about 70%, about 90%, about 95%, or about 
99% of the sterol particles have a particle size of less than the effective average, Le. , less 
than about 2000 nm, 1900 nm, 1800 nm, 1700 nm, etc. 

Redispersibility can be tested using any suitable means known in the art. See e.g., 

20 the example sections of U.S. Patent No, 6,375,986 for "Solid Dose Nanoparticulate. 

Compositions Comprising a Synergistic Combination of a Polymeric Surface Stabilizer 
and Dioctyi Sodium Sulfosuccinate." 

F, Bioadhesive Sterol Compositions 

25 

Bioadhesive sterol compositions of the invention comprise at least one cationic 
surface stabilizer, which are described in mote detail below. Bioadhesive formulations of 
sterols exhibit exceptional bioadhesion to biological surfaces, such as mucous. The term 
bioadhesion refers to any attractive interaction between two biological surfaces or 
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between a biological and a sjfRthstic surface, m the ease of bioadhesive nanoparticulate 
sterol compositions, the term bioadhesioh is. used to describe the adhesion between the 
nanoparocuiate sterol compositions arid a biological substrate (L& gastrointestinal mucin, 
long tissue, nasal, mucosa, etc.). See e.£., U.S, Patent No, 6,428,814 for "Bioadhesive 
5 Nanoparticulate Compositions Having Cationie Surface StabiM-zcrs,"' which is specifically 
incorporated by reference:. 

There are basically two rnsctaisim which may be responsible for the bioadhesion 
phenomena; mechanical or physical interactions and chemical interactions. The first of 
these, mechanics! or physical mechanisms, involves .the physical interlocking or 

10 interpenetratum between a bioadbesive entity and the receptor tissue, resulting from a 

good wetting of the bioaolhesi ve surface, swelling of the; hicadhesive polymer, penetration 
of the bioadhexivs? entity into a crevice of the tissue surface, or intetpeneiradon of 
bioadhesiye composition chains with those of the mucous or other such rel ated tissues. 
The second possible mechanism of bioadhesion incorporates forces such as ionic 

15 attraction, dipolar forces, van der Waal* interactions, abd hydrogen bonds. It is this form 
of bioadhesion which is prlraari iy responsible for the bioadhesi ve properties of the 
nanopattleulate stem! compositions of the invention. However, phplca! and mechanica; 
interactions may also play a secondary role in the bioadhesion of such nanopartieute 
compositions, 

20 The biosdhess ve sterol compositions of the invention are useful in any situation in 

which it is- desirable to apply the compositions to a biological surface. The bioadhesi ve 
sterol compositions coat die targeted surface in a continuous md uniform film which is 
invisible to the naked human eye, 

A bieadhesive sterol com|®8Mo» siowMhe. transit : *?f the composition* and some 

25 sterol particles would also most likely adhere to tissue other than the mucous cells and 
therefore give a prolonged exposure to the sterol, thereby increasing absorption and the 
bioavailability of the administered dosap. 
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G. Sterol Compositions Used in 

Conjunction with Other Active Agents 

The sterol compositions of the invention can additionally comprise one or more 
5 non-sterol compounds useful; (1) in treating conditions such as dyslipidemia, 

hyperlipidemia, hypercholesterolemia, cardiovascular disorders, hypertriglyceridemia, 
coronary heart disease, and peripheral vascular disease (including symptomatic carotid 
artery disease), or related conditions; (2) as adjunctive therapy to diet for the reduction of 
LDL-C, total-C, triglycerides, and/or Apo B in adult patients with primary 
I'O hypercholesterolemia or mixed dyshpidemia (Fredriekson Types Ha and lib); (3) as 
adjunctive therapy to diet for treatment of adult patients with hypertriglyceridemia 
(Fredriekson Types IV and V hyperlipidemia); (4) in treating pancreatitis; (5) in treating 
restenosis; and/or (6) in treating Alzheimer's disease. 

Exemplary non-sterol compositions useful in the invention include, but are not 
15 limited to* cholesterol lowering agents, polycosanols, alkanoyl L-carnitines, 
antihypertensives, .arid/or statins- 
Useful cholesterol lowering agents are well known to those of skill in the art and 
include, but are not limited to, ACE inhibitors, nicotinic acid, niacin, bile acid 
sequestrants, fibrates, vitamins, fatty acid derivatives such as fish oil, long chain plant 
20 extract alcohols such as poticosinol, ezetimibe, and celluloses. 

Useful polycosanols include, but are not limited to, triacontanoL hexaeontanol, 
ecocosanol, hexacosanol, tetracosaiiOi, dotriacohtanol, tetracontanol, or natural products 
or extracts from natural products containing such compounds. 

Useful alkanoyl L-carnitines include, but are not limited to, acetyl L-camitine, 
25 propionyl L-camitine, butyryl L-camitine, valeryl L-camitine. and isovaleryl L-camitine, 
or a pharmacologically acceptable salt thereof 

Useful antihypertensives include, but are not limited to diuretics ("water pills"), 
beta blockers, alpha blockers, alpha-beta blockers, sympathetic nerve inhibitors, 
angiotensin converting enzyme (ACE) inhibitors, calcium channel blockers, angiotensin 
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receptor bkKsers (formal med'teaf mmcm^Qii^h^^pm m^^Qm&ts, known as 
"sartans" for short). 

Useful statins include, bur are not limited to, atorvastatin (Lipitor®) {U.S. Patent 
No. 4.681 ,893) and other 6r|^{s«fe^.t^^p^H-yi)ykynpyto-2--ones and derivati ves 
5 as disclosed in U.S. Patent No. 4,647,576); flayasiatm (Lescol®) (U.S. Patent No. 
5,354,772); iovasietio. (US. Patent No. 4,231,938): pravastatin (U.S. Patent No. 
4,346,227); simvastatin (U.S. Paten? No. 4,444,784); velostatin; fiuindostatin cSandoz 
XU-62-320); pyrrole analogs of inevalonolactone derivatives, as disclosed in PCT 
aplieadon WO 86/83488; tmsuain and other pyridyMhydroxyheptcnotc acids, as 

10 disclosed it) European Patent 49I226A; Scarfed SC-45335 (a Substituted pentanedioic 
acid derivati ve}; dkbioroacetats; imidazole analogs of i».vaIonoiactone, as disclosed irs 
PCT application WO 86/07054; 3<^xy~2-hydroxy-pK>p»ne-pho«phoRic add 
derivatives, as disclosed m French Patent No. 2,596393; 2,3-di-sobstitutsd pyrrole, furats. 
and tfeiopheae derivatives, as disclosed in Burppean Patent Appiicatiod No. 0221G25; 

15 n aphthyj snaiogs of mevaionoiactone, as disclosed i n US . Patent No. 4,686,237; 
octahydronsphthaMnes, such as those disclosed in U.S. Patent No, 4,499,289; keto 
analogs of mevmoUn Oovastatm), as disclosed in European Patent Application No. 
0,142,146 A2; phosphbno acid compounds;: as well as otter HMO CoA reductase 
inhibitors. 

20 Such additional, compounds can have a conventional non-nanopartieulate particle 

size, it., an elective average particle size greater than about 2 microns, or such 
additional compounds can be fonnulated into a nanopartieulate particle size, i.e., an 
effective average panicle sixe of less than about 2 microns. If such one or more non- 
sterol compounds have a rianoparticusate partioie skecthen preferably soeh non-sterol 

25 compounds ate poody soluble in at least one liquid media (poorly soluble as defined in 
the "Definitions" section, above), and have at least one surface stabiliser adsorbed on or 
associated with the surface of the non-steroi compound. The one or mors surface 
stabilizers utilized in the composition of the mm«steroteoropouttd can be the same as or 
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different from the one or more surface stabilizers utilized in the stem] composition. A 
description of surface stabilizers useful in the invention is provided below. 

Compositions 

5 The present i nvertfion is directed to nanoparticulate active agent compositions 

comprising at least one sterol, and novel sterol combinations. The compositions 
preferably comprise: (1) at least one sterol or a salt thereof; and (2) at least one surface 
stabilizer adsorbed on, or associated with, the surface of the sterol. The nanoparticulate 
sterol particles- preferably have an effective average particle size of less than about 2000 

10 nm. In another aspect of this invention, novel combinations of sterols and other 
cholesterol lowering agents are described and methods of using the same are taught. 

The present invention also includes nanoparticulate sterol compositions together 
with one or more nontoxic physiologically acceptable carriers, adjuvants, or vehicles, 
collectively referred to as earners. The compositions can be formulated for various routes 

15 of administration including hut not l imited to, oral, rectal, ocular, and parenteral injection 
(e.g., intravenous, intramuscular, or subcutaneous), oral administration in solid (the 
preferred route), liquid, or aerosol form, vaginal, nasal, rectal, ocular, local (e,gi, in 
powder, ointment or drop form), buccal, intraeisternah intraperitoneal, or topical 
administration, and the like. 

20 

A. Sterol Particles 

As used herein the term "sterol" includes both stanols and sterols, or a salt thereof, 
preferably having a solubility in water of less than about. 30 mg/ml, less than about 20 
mg/ml, less than about 10 mg/ml, or more preferably less than about 1 mg/ml. 
25 The one or more sterol particles, or salt thereof , can be in a crystalline phase, an 

amorphous phase, a semi-crystalline phase, a semi-amorphous phase, or a. mixture thereof. 

The term "stand" is well known to those ski lied in the art and generally refers to 
compounds having a saturated petinydrocyelopeiitanophenanthrcne ring system and having 
one or more OH suhstituents, examples of which include, but are not limited to. 
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c&mpestanol, sitostsnol, which also known, as beta-shostauol and stigmastanol 
coprostanoi, choiest&ooi and the like. 

"Sianols" m used herein-mean plant stand enters, a food, ingredient that can help 
reduce LDL cholesterol Plant «anois are derived from naturally occurring substances i n 
5 plants by techniques known to those m the art, Stanols arafrequenity combined with a 
small amount of cnnote oil to form atanol. esters, producing an ingredient that can be used 
in a wide variety of foods and m combination with the compositions of this invention. 
Plant sterols and stands am not produced by animals or the human body. Plant 
sterols and standls are natural substances found in wood pu!p s leaves, nuts, vegetable oils, 

10 com, rice, and some other plants. The major plant sterol is sitosterol {approx. 80%). 
Others present in the diet include campesterol and stigmasterol, and trace amounts of 
plant stands sacbas shpstaftol. Plant sterols -and stands are similar in structure to 
cholesterol , The difference is the presence of a methyl or ethyl group in their side chains. 
This difference means that, in comparison to cholesterol, plant sterol and stands, are: not 

15 absorbed , or ass in s nimall y absorbed. 

As disclosed in U.S. Pat, Nos. 3,244,877, 5,502,045 and 5,5783:34, various 
sterols, in particular be$&- sitosterol, are known to have cJiolesterol losveri rig properties; 
The consumption of beta-sitosterol is known to .reduce cholesterol levels in the blood 
stream, .Presently, due to its handling and storage properties, beta-shosterolis 

20 incorporated in foods during its formulation, or while it is being manufactured. While 
this is effective in produeisig foods with beneficial effects, the consumer is limited -to 
those foods in which maimfaelurers incorporate bets-sitosteroi. 

Sterols are typically derived from agricultural sources, such as com, soy-based, 
and pine tree mixtures. The present invention also contemplates esters of sterols, called 

25 "stands", through the reaction of the sterol with the suitable acid. Suitable acids include 
saturated, unsaturated, and polyunsaturated acids. Suitable acids include but are not 
limited to, stearic, butyric, lauric, palmitic:, oleleUinoleic, liaoSenic, docohexanoic acid, 
and the like. Suitable methods for preparing these esters are web known rn the art, See 
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e.g., U.S. Pat. Nos. 5,502,045 and 5,723.747., the contents of which arc incorporated 
herein by reference. 

High DDL cholesterol is usually First treated with exercise, weight loss in obese 
indi viduals, and a diet low in cholesterol and saturated fats. When these measures tail, 
5 cholesterol-lowering medications, such as a sterol, can be added. The National 

Cholesterol Education Program (NCEP) has published treatment guidelines for use of 
sterols. These treatment guidelines take into account the level of LDL cholesterol as well 
as the presence of other risk factors such as diabetes, hypertension, cigarette smoking, low 
HDL cholesterol level, and family history of early coronary heart disease. 

10 

B. Surface Stabilizers 

Surface stabilizers especially -useful herein physically adhere on or associate with 
the surface of the nanopaiticulaie sterol but do not chemically react with the sterol 
particles or itself. Preferably, individual molecules of the surface stabilizer are essentially 

IS free of interni6fecui&!' cross-linkages. 

The choice of a surface stabilizer for a sterol is non-trivial and required extensive 
experimentation to realize a desirable formulation for the active ingredient's therapeutic 
effect desired. For example, the effectiveness of Using of a particular stabilizer with an 
active ingredient is unpredictable because the stabilizer among other factors, will affect 

20 dissolution and pharmacokinetic profiles for a sterol. Accordingly, the present invention 
is directed to the surprising discovery that stable, therapeutically useful, nanopaaicnlate 
sterol compositions can be made. 

Combinations of more than one surface stabilizer cart preferably be used in the 
invention. Useful surface stabilizers which can be employed in the invention include, but 

25 are not limited to, known organic and inorganic phiarmaeeutical excipiems. Such 

excipients include various polymers, low molecular weight oligomers, natural products, 
and surfactants. Preferred surface stabilizers include nonionic, anionic, canonic, and 
zvvitterionic surfactants , 
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Representative examples of surface stabilizers include 
fcydroxypropylmethylcdkiiose (anionic), hydroxypropylceiiuiose, polyvinylpyrrolidone, 
sodium lauryl suite, dkicrylst;!!»succma?e (amonicy. gelatin, casein, lecithin 
(phosphatides), dextran, gum acacia^ cholesterol, ttagaeanth, stearic acid, benzaiko«ium 
5 chloride, calcium steaz&fes glycerol mdnostearate, ceiioste&ryi alcohol cetomactogoi 

emulsifying wax, sorbitao estate, poiyexyethylene alfcylethers \e,g. , maemgoi ethers such 
as cetomactogoi 1 000), posyoxysthylene castor oil derivatives, poSyoxyethylene sorbs tan 
fatty acid esters (e.g.. she commercially available Tweens® such as e.g., Tween 20* and 
Tween $(f(ia Speciality Chemicals)); polyethylene glycols (e.g., Carbowaxs 3550® and 

10 934® (Union Carbide)), polvoxyethylene stearates, colloidal silicon dioxide, phosphates, 
carboxymethylceliidose calcium, carboxyniethylcellidose sodium, methyl cellulose, 
hydroxyelhylceUdlose, hydroxyjiropylmethylceilulose phthalate, aoncrystaliine ceiiulose, 
magnesium. atumi?suJB:i silicate, wiethanolamine, polyvinyl alcohol (FVA), 4-CU33- 
tetr i amethylbutyl)-phenol polymer with ethylene oxide arid formaldehyde (also known as 

15 tyloxapol, superiohe, add trite), poloxamers (e.g., Buromes F6S* and F108®, which are 
block copolymers of ethylene oxide and propylene oxide); poloxarnines (e<g. , Teftemc 
908®, also known as Poioxamiae 90S* which is a tefcrafuaetlonal block copolymer 
derived from sequential addition of propylene oxide and ethylene oxide to 
ethylehedi&mme (BASF Wyandotte Corporation, Parsippany, N.J,)): Tetronie 1508^ (T ■ 

20 1508) (BASF Wyandotte Corporation), Triton X4O0* which is an aikyl ar.yi polyether 
sulfonate (Dow Chemical); Cradestas F-i 10®, which is a mixture of sucrose stearste and 
sucrose distearate CCroda Inc.). p-isononylpbenox^JHglyeidoi), also known as Olin- 
IOG® ox- Surfactant M®(Glm Chemicals, Stamford, CI); Cipdestas SM0® (Croda, 
inc.); a«d SA90HCO, which is Ci$H3?CH2CCONfcH3)--CH2(CHOH>4(CH20H)2 

25 (Eastman Kodak Co.); decaooyl-N-snethyiglucamide; it-deey) ^D-glucopyranoside; n- 
decy! P-D-maftop^aoside; n-dodecyl p^D-glacopyxanoside; n-dodeoyl p-D-maltosids; 
heptaaeyl-N-methylglucamide; j5-heptyl-p.-D-alucopyranosi<fe; n-hepty] p-D-- 
thioghicoside; n-hexyl S-D-glucopyratioside; nonaooyi-N-methylglucamide; n-noyl p-D- 
glueopyranosids; octanoyi- N-methylglucasidde; n-ociy1~P-D--glueopy:-anoside; octyl fi-O- 
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thioglucopyranoside; PEG-derivahzed phospholipid, PEG- derivatized cholesterol, PEG- 
derivatrzed cholesterol derivative, PEG- derivatized vitamin A, PEG- derivatized vitamin 
E. lysozyrae, random. copolymers of vinyl pyrrolidone and vinyl acetate, and the like such 
as Plasdone® S630 in a 60:40 ratio of the pyirolicfane and vinyl acetate. 
5 More examples of useful surface stabilizers include, hut are not limited to, 

polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and 
nonpolymerie compounds, such as zwitterionic stabilizers, poly-n-methyipyridinium, 
anthryul pyridinium chloride, canonic phospholipids, chitosan, polylysine, 
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylamraoniurobromlde 

10 bromide (PMMTMABr), hexadecyltrimethylatamonium bromide (HDMAB), and 
po}yvinylpym)lidone-2-dimethyjaminoethyl mcthacrylate dimethyl sulfate. 

Other useful canonic stabilizers include, but are not limited to, catiome lipids, 
sulfoniura, phosphonium, and quartemary ammonium compounds, such as 
Steai'vitriniGthylammonium chloride. benzyl-di(2-chk>roethyl)ethylammoniura; bromide, 

i 5 coconut trimethyl ammonium chloride or bromide, coconut methyl dihydroxyetbyl 
ammonium chloride or bromide, decyl triethyl ammonium chloride, decyl dimethyl 
hydmxyethyl ammonium chloride or bromide. Ct ^dimethyl hydroxyethyl ammonium 
chloride or bromide, coconut dimethyl hydroxyethyl ammonium chloride or' bromide, 
myristyl tn methyl ammonium methyl sulphate, lauryl dimethyl benzyl ammonium 

20 chloride or bromide, lauryl dimethyl (ethenoxy) 4 ammonium chloride or bromide, N-aikyi 
(Ci 2 . i g)di methyibenzyl .ammontam chloride, H-alky] (Cw^dlmethyl-benzyl ammonium 
chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyi 
ammonium chloride, N-alkyl and (Cu t a) dimethyl 1-napthyS methyl ammonium chloride, 
trimethylammomum halide, alkyl-trimethyiammonium sabs and dialkyl- 

25 dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated 

alkyaffiidoalkyldiaikyiammonium salt and/or an ethoxylated triaikyl ammonium salt, 
dialkyibenzene dialkylammonium chloride, N.didecyJdimethyi ammonium chloride, N- 
tetradecyidiuiethylbensyi ammonium, chloride monphydrate, N-aIkyl{Cj2.u) dimethyl 1- 
naphthylmethyl ammonium chloride and dodeeyldimethyHjenzyl ammonium chloride. 
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dialkyl benzemalkvi aiKm«>fisum chloride, lauryl aimsthyiaromomum chloride, 
alkyttarcyl me*y! ammonium chloride, alfcyl benzyl dimethyl ammonium bromide, C i2 , 
C;5, Cii dimethyl ammonium bromides, dodeeylbensiyl tnethyl ammonium chloride, 
poly-diaj!yIdi.msthylammoajum chloride (DADMAC), dimethyl ammonuim chlorides. 
5 alkyl&methylammontum hak>gensdes 5 triestyi methyl .ammonium chloride, 
deeyitrimethyiammonmm bromide, dodeeyitristhylammonium bromide, 
teti^decylnimetbyiammoniuns bromide, methyl taeeSylammonium chloride (AUQXJAT 
336™), POLYQUAT 10™, tetcabutylamribiiium bromide, benzyl trimemylammomum 
bromide, choline esters (such as choline esters of faiiy acids), benzaikonium chloride, 

10 steafalkomurn chloride compounds (such as stearyhrimoulum chloride and Di- 
stearyidtmonium chloride), eetyl pyridiraom bromide or chloride, ha'Me salts of 
quatemized polyoxyethyialkylamines, MIRAPOL™ and ALKAQUAT TM (Alkaril 
Chemical Company), aikyl pyridim urn salts.; amines, such as aikylatnines, diaikylamines, 
alkanolamm&s , poiyetbylenepcly amines, .H,N-dialky]'ammoalkyl acrylates, and vinyl 

15 pyridine, smite sa&s, .such as laury! amine acetate, stearyl amine acetate, aikyipyridmsum 
salt, andalkyiimsilsxolium salt, and amine oxides; imitfe axolinmm salts; proiortated 
quiiternary aOTlamides; methylated quaternary polymers, - such as poJyfdiallyi 
dimethylaiBmoninm chloride] and poly-[N-methyt vinyl pyridmiam chloride]; and 
cationic guar. 

20 Such exemplary earibmc i&aface stabilisers and other useful eatiomc surface 

stabilizers are described m J. Cross and E, Singer, Canonic Surfacimts: Analytical and 
Biological Evaluation (Marcel Deleter, 1994); P. and D. Rubingh (Editor), Cxiimk 
Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J, Richmond, Canonic 
Surfactants: Organic Chemistry, (Marcel Dekker, .1390}. 

25 NonpoJymerie surface stabilizers: am shy nonpolymeric compound, such 

benzrikonium chloride, a carhooinm compound, a phespboruum compound, an oxonium 
compound, a halomum compocmi a eatiome orpnometallic^co^npoui)d ! a quaternary 
phosphorous compound, a pyridinlum compound, an aniSintum compound, an ammonium 
compound, a hydmxyla ninmmum compound, a primary ammonium compound, a 
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secondary ammonium compound, a tertiary ammonium compound, and quartemary 
ammonium compounds of the formula NRiRjRaR^* . For "'compounds of the formula 
NRiR 2 RjR4 W ; 

(i) none of Rj -R* are CM3* 
5 <ii) oneofRj-RusCHj; 

(sii) three of Rj-R* are Clfe; 

(jv) all of Ri-FUareCHs; 

(v) two of R t -R4 are CH3, one pf R1-R4 is C&HsCHa, and one of R|-R* is an 
alkyl chain of seven carbon atoms or less; 
10 (vi) two of Rj -R4 are CH% one of Ri~R 4 is QsHsCHb, and one of Rj -R4 is an. 

alkyl chain of nineteen carbon atoms or more; 

(vii) two of Rj-R* are CH3 and one of Rj -R* is the group C6Ms(CH 2 )«, where 
n>i; 

(viii) two of RrR* are CH3, one of R1.-R4 is QsHjCHj, and one of Rt-R*. 
15 comprises at least one heteroatom; 

(ix) two of Rj-R* are CII3, one of Rj-R* is QiHsCHj, and one of R1-R4 
comprises at least one halogen; 

(x) two of Rj-R4 are CH3, one of R1-R4 is CsEfcCHj, and one of Ri-R^ 
comprises at least one cyclic fragment; 

20 (xi) two of R1-R4 are CH3 and one of Ri-R^ is a phenyl ting; or 

(xii) two of R1-R4 are CH3 and two of Rt R.t are purely aliphatic fragments. 



Such compounds include, but. are not limited to, behenalkomum chloride, 
benzethomum chloride, cetylpyridinium chloride, behentriinoniurn chloride, lauralkoniom 
25 chloride, cetalkanium chloride, cstrimanium bromide, eetrimonium chloride, eethylamine 
hydro fluoride, chlorallyfrnethenamine chloride (Quaternium-15), distearyldimonlum 
chloride (Quatemium-5), dodecyl dimethyl ethyibenzyl ammonium chlorideCQuatermunv 
14), Quatemium-22, Quaternium-26, Quatemium-18 hectorite, 

dimediylaminoethykhloride hydrochloride, cysteine hydrochloride, diethanolammooium 
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FOE (10) cletyl ethsr phosphate, ^ie}Jianolammo!i«um^B^)eleyJ ether phosphate, 
tailow aikonsum chloride, dimethyl (Boctad^yjmmeniumteaftjrsite;, stearalkonium 
chloride, domiphen bromide, dentnoeiuiu hensoate, mynstailcasus'm sbkwrcfev 
laurtrimonium chloride., ethyteoedi amine dihydroehloftda, gusmdme hydrochloride, 
5 pyridoxins HQ, iofetamme hy<hochloride, sueglusuine hydrochloride, 

tsethylb«rizethomam chloride, mymimomam bromide, okyltrimomum chloride, 
poiyOjUatemium-i, procaine hydrochloride, coeohetaine, s tsar alkoni urn hentonite, 
stearalkonbdmheelonite, stearyl trihydroxyethyfpropyienedtanune dibydrofluoride, 
tallowtriiRDPiujn chloride, md hexadesyltrtmethyl ammonium bromide, 

10 Most of these surface stabilizers are known pharmaceutical excipsents and &ne 

described in detail m the Handbook ef Pharmaceutical Excipimts, published joindy by 
the Americarr Pharmaceutical Association and The Pharmaceutical Society of Great 
Britain (The Fhan^aceuiical Press, 2000), specifically incorporated by reference. 

T he ■surface stabilisers ate- commercially available and/o.r cart be prepared by 

15 techniques fenbwn in the art. 

C. Othsfr Fh*rmac«utics1 Excipients 

Pharmaceutics! eornposidons according to the invention may also comprise one or 

More binding agents;, Snlug agents, lubricating agent;?, suspending agents, sweeteners, 

flavoring agents, preservatives, buffers, wetting agems, dismtegrams, effervescent .agents, 
20 and other excipfent3 d 

depending uponihe route Of administration and the dosage form desired. Such excipknts 

are known in the art. 

Examples of filling agents are lactose monohydrak, lactose anhydrous, and 

various starches; examples of binding agents are various celluloses and cross -linked 
25 polyvinylpyrrolidone, rniciocrysiaUms cellulose, such as Avice! PH101 and Avicel 

PH102, microcrysndhne cellulose, and siiiciried microcrystailine cellulose (ProSoiv 

SMCC™}- 
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Suitable lubricants, including agents that act on the flowability of the powder to be 
compressed, are colloidal silicon dioxide, such as Aerosi I® 200, talc, stearic acid, 
magnesium stearate, calcium stearate, and silica gel. 

Examples of sweeteners arc any natural or artificial sweetener, such as sucrose, 
5 xylitol, sodium saccharin, cyclamate, aspartame, and aesulfame. Examples of flavoring 
agents are Magnasweet* (trademark of MAFCO). bubble gum flavor, and fruit flavors, 
and the like. 

Examples of preservatives are potassium sorbate, methylparaben, propylparaben, 
benzoic acid and its salts, other esters of parahydioxybenzoic acid such as butylparaben, 

10 alcohols such as ethyl or benzyl alcohol, phenolic compounds such as phenol, or 
quaternary compounds such as benzalkonium chloride. 

Suitable diluents include pharmaceotically acceptable inert fillers, such as 
microcrj'Stanine cellulose, lactose, dibasic calcium phosphate, saccharides, and/or 
mixtures of any of the foregoing. Examples of diluents include mieroerystaliine cellulose, 

15 such as AviceP PHI 0i and Avieel® PH102; lactose such as lactose monohydrate, lactose 
anhydrous, and Pharmatose® DCL21; dibasic calcium phosphate such as Emcompmss®; 
miinnitoi;: starch ; sorbitol; sucrose; and glucose. 

Suitable .disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn 
starch, potato starch, maize starch, and modified starches, croscarmellosc sodium, .cross- 

20 povidone, sodium starch glycolate; and mixtures thereof. 

Examples of effervescent agents are effervescent couples such as an organic acid 
and a carbonate or bicarbonate. Suitable organic acids include, for example, citric, 
tartaric, malic, fumade, adipie, succinic, and alginic acids and anhydrides and acid salts. 
Suitable carbonates and bicarbonates include, for example, sodium carbonate, sodium 

25 bicarbonate, potassium carbonate, potassium bicarbonate, magnesium carbonate, sodium 
glycine carbonate. L-lysine carbonate, and arginine carbonate. Alternatively, only the 
sodium bicarbonate component of the effervescent couple may be present. 
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0, NaaopartkulaSe Sterol Particle Srm 

The compositions of the invention contain sterol nanoparticles, such as sitosterol 
and/or phytostero! nanoiaartieles, which have an effecti ve average particle sixe of less than 
about 2000 nm {i.e., 2 microns). In a preferred embodiment of the invention, the sterol 
5 n&oopartkdes have nn elective avetap particle size of less than about 1 900 nnu less than 
about 1S00 nm, less than about 1700 nm, less man about 1.600 mn, less than about 1500 
am, less than about 1400 nm, km than about 1300 mo, less than about 1200 am, lessfhao 
about 1 L00 rati, less than about 1000 rim, less than about 900 am. less than about 800 nm, 
less than about 700 nm, less ihm about 600 urn, less than about 500 nm, less than about. 

10 400 nm, less than about 300 am, less Ikm about 250 nm, less than about 200 am, less 
than about I SO nm-, less than about 100 nm, less than about 75 rim, or less than about 50 
nm, as measured by light-scattering methods, microscopy, or other appropriate methods. 
By '"an effective average particle sixe of less than about 2000 nm" it. is meant thai 
at least 50% of the sterol particles have a particle size leas than the effective average, by 

15 weight, less than about 2000 nm, about 1900 nm, about 1 S00 -rim, etc., when 

measured by the Mbove-nbted techniques. Preferably; at least about 70%, about 90%, 
about 95% 4 or about 99% of the stero! particles have a panicle size, less than the effecti ve 
average, i.e., less than about 2000 nm, about 1900 nm, about 1800 nm, etc. 

In the present invention, the value for .050 of a nanopartieulate stem! composition 

20 is the particle size below which 50% of the sterol particles fail, by weight. Similarly, i>90 
is the particle sire below which 90% of the ister otfstabol particles fail, by weight. 

E. Concentration of Naiwparticuiate Sterol and Surface Stabilisers 

The relative amounts of at least one sterol and one or more surface stabilizers can 
25 vary widely, The optimal amount of the individual components depends, for example, 
upon one or more of the physical and chemical attributes of the particular sterol selected 
and surface stabilizorfs} selected, such as the hydropMiie .lipophilic balance (RLE), 
melting point, and the surface tension of water solutions of the stabilizer, efc. 



31 



WO 03/103633 



Preferably, the concentration of the at. feast one sterol can vary from about 99.5% 
to about 0.001%, preferably from abbot 95% to about 0.1%, preferably from about 90% to 
about 0.5%, by weight, based on the total combined weight of the sterol and at least one 
surface stabilizer, not including other exeipients. Higher concentrations of the active 
5 ingredient are generally preferred from a dose and cost efficiency standpoint. 

Preferably, the concentration of the at least one surface stabilizer can vary from 
about 0.5% to about 99,999%, from about 5.0% to about 99.9%, or from about 10% to 
about 995%, by weight, based on the total combined dry weight of the sterol and at least 
one surface stabilizer, not. including other excipients. 
10 Exemplary useful ratios of active ingredient to stabilizers herein ate preferably 

about 1:1, preferably about 2:1, preferably about 3:1, preferably about 4:1, preferably 
about 5: 1, preferably about 6: 1, preferably about 7: 1, preferably about 8:1, and preferably 
about .10:1, by weight, based on the total combined dry weight of the sterol and at least 
one surface stabilizer, not including other excipients, 

15 III. Methods of Making Nanoparticulate;.Sterol.Com|^.tions 

The nanoparticulate sterol compositions can be made, using any suitable method 
known in the art such as, for example, milling, homogenization, or precipitation 
techniques. Exemplary methods of making nanoparticulate compositions are described in 
the '684 patent. Methods of making nanoparticulate compositions are also described in 

20 U.S. Patent No. 5,518,1.87 for "Method of 'Grinding- Pharmaceutical Substances;" U.S. 
Patent No. 5,7 ? 8,388 for "Continuous Method of Grinding Pharmaceutical Substances;" 
U.S. Patent No. 5,862,999 for "Method of Grinding Pharmaceutical Substances;" U.S. 
Patent No. 5,665,331 for "Co-Mi croprecipitadon of Nanoparticulate Pharmaceutical 
Agents with Crystal Growth Modifiers;" US. Patent No. 5,662,883 for "Co- 

25 Microprecipitation of Nanoparticulate Pharmaceutical Agents with Crystal Growth 
Modifiers;" U.S. Patent No. 5,560,932 for 'Weroprecipitation of Nanoparticulate 
Pharmaceutical Agents-" U.S. Patent No. 5,543,133 for "Process of Preparing X-Ray 
Contrast Compositions Containing Nanoparticle*;" U.S. Patent No. 5,534,270 for 
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"Method of Preparing Stable Drag NanopBrbcles;" VS. Parent No. 5,510,11$ for 
"Process of l^epanag Therapeutic ComposittMs Coinatmag N&nopas'tscies;" and US. 
Patent No. 5,470,583 for "Method of Peeping Nasiopaitielc' Compositions Containing 
Charged Phospholipid to Reduce Aggsegation-, ? * all of which are specifically incorporated 
5 by reference. 

The resultant riaooparticulate sterol compositions or dispersions can be utilized irs 
solid or liquid dosage tVroulatioos, such as liquid dispersions, gels, aerosols, ointments, 
creams, controlled release lobulations, fast melt ronnulatiorts, lyophilixed ioMulatiohs, 
tablets, capsules, delayed release formations, extended release formulations, pulsatile 
tO release fomvalations, mixed immediate release and controlled release formulations, -etc. 
Solid dose forms of the dispersions of novel sterol fonmtlations according to the present 
invention cap be made m described in U.S. Patent No. 6,375,986. 

A., ^filling to Obtain NanOparticulate Sterol Dispersions 

15 Milling a sterol to obtain a nanopaiticuiate- sterol dispersion comprises dispersing 

sterol particles in a liquid dispersion medium in which the sterol is poorly soluble, 
followed by applying mechanical means in the presence of grinding media to reduce the 
particle size of the sterol to the desired effective average particle size. The dispersion 
medium can be, for example, water, saftlower oil, ethaaol, t-btitsnol, glycerin, 

20 polyethylene glycol (PEG), hex arte, or glycol 

The sterol particles can be reduced in size preferably in the presence of at least one 
surface stabilizer. Alternatively, the sterol particles can be contacted with one or more 
surface stabilizers after attrition. Other compounds, such as a diluent, can be added to the 
sterol/surface stabilizer composition during the size reduction process. Dispersions can 

25 be manufactured continuously or in & batch made. 

Bi Precipitation to Obtain Na»opartk«lat€ Sterol Compositions 
Another method of forming the desired nanOpartieUlate sterol composition is by 
mjcroprecipkatioh. This is a method of preparing stable dispersions of poorly soluble 
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active agents in the presence of one or iriore smface st&hriltzefs and one or more colloid 
stability enhancing surface active agents free of any trace toxic solvents or solubilized 
heavy metal impurities. Such a method comprises, for example: (1) dissolving a sterol in 
a suitable solvent; (2) adding the formulation from step 0) to a solution comprising at 
5 least one surface stabilizer; and (3) precipitating the formulation from step (2) using an 
appropriate non-solvent. The method can be followed' by removal of any formed salt, if 
present, by dialysis or diafihration and concentration of the dispersion by conventional 
means, 

C. Homogenissation to Obtain Sterol Nanoparticulatc Compositions 

Exemplary homogenization methods of preparing active agent nanopartseulate 
compositions are described in U.S. Patent No. 5,5.10,1.18, for "Process of Preparing 
Therapeutic Compositions Containing Nanopartictes." Such a method comprises 
dispensing sterol particles in a liquid dispersion medium in which the sterol is poorly 

15 solublej followed by subjecting the dispersion to homogenization to reduce the particle 
size of the sterol to the desired effective average particle size. The sterol particles are 
preferably reduced in size in the presence of at least one surface stabilizer. Alternatively, 
the sterol particles can be contacted with one or more surface stabilizers either before or 
after attrition. Other compounds, such as a diluent, can be added to the steroi/surface 

20 stabilizer composition before, during, or after the size reduction process. Dispersions can 
be manufactured continuously or in a batch mode, 

iV, Methods of Using Ste rol Compo sitions of the Current Invention 

The sterol compositions of the present invention can be administered to a subject 
25 via any conventional means including, but not limited to, preferably orally, rectally, 

ocularly, parenterally (e.g. , intravenous, intramuscular, or subcutaneous), mtracistemally, 
pulmonary, intra vaginally, mtraperitoneaUy, locally {e.g., powders, ointments or drops), 
or as a buccal or nasal spray. As used herein, the term "subject" is used to mean an 
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animal, preferably i mammal, including a human or behdmrasn. 'The terms patient and 
subject may be used interchangeably. 

The present invention provides a method of prolonging plasma levels of a sterol in 
a subject while achieving the eesired theimpeatic effect. In one aspect, such & method 
5 comprises orally administering to a -subject an effective amount of a composition of this 
invention comprising; a sterol. 

In one aspect, the compositions of the invention are useful m treating conditions 
that may be directly or indirectly associated with elevated and/or uncontrolled cholesterol 
metabolism as described herein andknownio those in the. art, 

10 Compositions suitable for .p&reateral injection may comprise physiologically 

acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or 
emidsious, ami sterile powders for reconstiunion into sterile injectable solution?' or 
dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents, sol vents, or 
vehicles include water, ethanol, polyols (propyleneglycol. polyethykne-glyepi glycerol, 

15 and the like), suitable mixtures thereof., vegetable oils (such as olive oil) and. Injectable 
Organic esters such as eshyi oleaie. Proper fluidity can be maintained, for example, by the 
use of a eoaang .-such as lecithin, by the maintenance of the requited particle size m the 
case of dispersions, and by the use of surfactants. 

The nanop&ticulate sterol compositions may also contain adjuvants such as 

20 preserving, wetting, emulsifying, and dispensing agents. Prevention of the growth of 
.microorganisms can also be ensured by various antibacterial m4 antifungal agents, such 
as parabens. cbiorobutanol, phenol, sorbic acid, and me like. It may also be desirable to 
include isotonic agents, such as sugars, sodium chloride, sad the like. Prolonged 
absorption of the injectable pharmaceutical ten can be brought about by the use of 

25 agents delaying absorption, such m aluminum monostearate and gelatin. 

Solid dosage fcrrosfor.orai. aflministrstion are gHef^msd and include, but axe nut 
limited to, capsules, tablets, pills., powders, eaplets, und granules. In such solid dosage 
forms, the active agent (ie;„ the composition of this invention) is admixed with at least 
one of the following: (a) one or more inert esciptents (or camera), such as sodium citrate 



2-5 



WO 03/103633 



PCmJS03/15410 



or dicaJcium phosphate; (b) fillers or extenders, such as starches, lactose, sucrose, 
glucose, mannitol, and silicic acid; (e) binders, such as carboxymethylcelkilose, alignates, 
gelatin, polyvinylpyrrolidone, sucrose, and acacia; (d) humeetants, such as glycerol; 
(e) disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca starch, 
5 alginic acid, certain complex silicates, arid sodium carbonate; (f) solution retarders, such 
as paraffin; (g) absorption accelerators, such -as: quaternary ammonium compounds; 
(h) wetting agents, such as cetyl alcohol arid glycerol monoslearate; (i) adsorbents, such as 
kaolin and bentonite; and (j) lubricants, such as talc, calcium stearate, magnesium 
stearate, solid polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. For 

10 capsules, tablets, and pills, the dosage forms may also comprise buffering agents. 

liquid dosage forms for oral administration include pharmaceutical!}' acceptable 
dispersions, emulsions, solutions, suspensions, syrups, and elixirs. In addition to the 
active agent, the liquid dosage forms may comprise inert diluents commonly used in the 
art, such as water or other solvents, solubilizing agents, and emuisifiers. Exemplary 

15 emulsifiers are ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl 
alcohol, benzylbenzoate, propylene-glycol, 1,3-butyieneglyeol, dimethyiformamide, oils, 
such as cottonseed oil, groundnut oil, com germ oil, olive oil, castor oil, and sesame oil, 
glycerol, tetrahydrofurfuryS alcohol, polyethyleneglyeols, fatty acid esters of sorbjtan, Or 
mixtures of these substances, and the like. 

20 Besides such inert diluents, the composition can also include adjuvants, such as 

wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming 
agents. 

The effecti ve amounts of the sterol compositions of the in vention can be 
determined empirically and can be employed in pure form or, where such forms exist, in 
25 pharmaceutical^ acceptable salt, ester, or prodrug form. Actual dosage levels of sterol in 
the nanoparticulate compositions of the invention may be varied to obtain an amount of 
sterol that is effective to obtain a desired therapeutic response for a particular 
composition, method of administration, arid the condition to be treated The selected 
dosage level therefore depends upon the desired therapeutic effect, the mute of 
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acimmistrauon, the potency of the administered sterol, the desired duration of treatment, 
and other factors. 

Dosage unit compositions may eontam amounts of submuitipies thereof as may be 
used to make up the daily dose. It will be understood, however, that the specific dose 
5 level for any particular patient will depend apQft a v&dety of factors: the type and degree 
of the cellular or physiological response to be achieved', acti vity of the specific agent or 
composition employed; the specific agents or composition employed; the age, body 
weight, general health, sex, and diet of thefa&erit? the time of administration, route of 
administration and rate of excretion of the agent; the duration of the treatment; drugs used 
10 in corobiR.ati.ois or coincidental with the specific agent; and like factors well known in the 
medical arts. 

15 Sterol compositions of the present invention are also particularly useful when 

given pursuant to the- method of this invention in combination with a therapeutically 
effective; amount of at least one other non-sterol sicdve agent useful; (}) in treating 
Conditions such as diyshpidemla, hyperispidemia, hypercholesterolemia, cardiovascular 
diisorders/hypertngiyeeddemht, coronary heart disease, and peripheral vascular disease 

20 (including symptomatic carotid artery disease), or related conditions: (2) as adjunctive 
therapy to diet for the reduction of LB.L-C, total-C, triglycerides, ancl'or Apo & in. adult 
patients; with primary hyperehdiesterolemia or mixed dyslipidemia (Fredrickson Types fla 
and lib); (3) as adjuncti ve therapy to diet for treatment of adult patients with 
hypertriglyceridemia (Fredriekson Types IV and V byperlipidsrnia); (4) hi treating 

25 pancreatitis; (5) in treating restenosis; and/or (6) in treating Alzheimer's disease. 

Exemplary non-sterol compositions useful in the invention include, e.g., 
cholesterol lowering agents, polycosanois, alkanoyl L-earaitmes, antihypertensives, and/or 
statins. 
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Useful cholesterol lowering agents are well known to those of skill in the art and 
include, but are not limited to, ACE inhibitors, nicotinic acid, niacin, bile acid 
sequestrants, fibrates, vitamins, fatty acid derivatives such as fish oil, long chain plant 
extract alcohols such as polieosinpl. e^etimibe. and celluloses. 
5 Useful polycosanols include, bat are not limited to, triacontanol, hexacontanol, 

ecocosanol, hexacosanol, teiraeosanoi, dotriacontanoi, tetraconianol, or natural products 
or extracts from natural products containing such compounds. 

Useful aikanoyl L-carnitmes include, but are not limited to, acetyl L-camitine, 
propionyl L-camitine, butyryi L-carnitine, valeryi L-caraittne, and isovaleryl L-camitine, 

10 or a pharmacologically acceptable salt thereof. 

Useful antihypertensives include, but are not limited to diuretics ("water pills"), 
beta blockers, alpha blockers, alpha-beta blockers, sympathetic nerve inhibitors, 
angiotensin converting enzyme (ACE) inhibitors, calcium channel blockers, angiotensin 
receptor blockers (formal medical name attgiofensio-2-receptor antagonists, known as 

1 5; "sartans" for short) . 

Useful statins include, but are not limited to, atorvastatin (Li pi tor®) (U.S. Patent 
No. 4,681,893) and other 6->|'2-(substituted-pyrrol- l-y!)ajkyr]pyran-2-ones and deri vatives 
as disclosed in U.S. Patent No. 4,647,576); fluvasiatm (Lescol®) (U.S. Patent No. 
5,354,772); lovastatin (U.S. Patent No. 4,231,938); pravastatin (U.S. Patent No. 

20 4,346,227); simvastatin (LIS. Patent No. 4,444,784); velostatin; fiusndostatln {Sandoz 
XU-62-320); pyrazole analogs of mevalonolactone derivatives, as disclosed in PGT 
application WO 86/03488; rivastatis and other pyridyldthydroxyheptenoic acids, as 
disclosed in European Patent 49 1226 A; Searle's SC-45355 (a 3-substituted pentanedioic 
acid derivative); dichloroacetate; imidazole analogs of mevakmolactone, as disclosed in 

25 PCT application WO 86/07054; 3-c-3rboxy-2-rtydroxy-propane-phosphonic acid 

derivatives, as disclosed in French Patent No. 2,596,393; 2,3-dt-substituted pyrrole, furan, 
and thiophene derivatives, as disclosed in European Patent Application No. 0221025; 
naphthyl analogs of mevalonolactone, as disclosed in U.S. Patent No. 4,686,237; 
octahydronaphthalenes, such as those disclosed in U.S> Patent No. 4,499,289; keto 
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analogs of mevira>hn (Sovaststin), as disclosed in Emopeao Patent Application No. 
0,142, i 46 A2; phoaphinie acid compounds; as well .as other HMG CoA reductase 
inhibitors. 

<; * * * * * 

The following examples are gi ven to illustrate the present invention, It should be 
understood, however, that the invention is not to he limited to tbs specific conditions or 
details described in these examples. Throughout the specification, any and all references 
to a public!)' available document, including rl£S. -potent #c specifically incorporated by 
10 reference. 

In the examples that follow, the particle sizes were measured using a Horiba LA~ 
910 Teaser Scattering Particle Size Distribution Analyzer (Horiba Instruments. Irvine, CA|. 
The particle mean and Q$i> -(which is the size below which 90% of the distribution is 
located) are obtained from a weight distribution. All •forr.nuladons. as« given in weight % 
15 (w/w), 

Several of the fonaulatiom. in She examples that follow were also in vestigated 
using a light microscope; 

Example! 

20 The purpose of tins example was to identify lormclations that would produce 

stable nanopattieukte dispersions of phytosterol Phytosteroi is a plant sterol found in 
abundance in fat-soluble fractions of plants. Fhytosterol, sold under the trade name- 
Reduce!™, can be commercially obtained from Novsrtis Consumer Health SA, 

Arriving at a formulation that results in a stable dispersion having a assail particle 
25 size is nontrivial and requires extensive experimentation. Two formulations meeting this 
criteria were prepared as follows. 

5% (w/w) phytosteroi and 1% (w/w) surfe stabilizer, identified in Table I, 
were each milled at 10 X for L5 to 2 hours in a DYMO^Mili KSL (Willy A. Bachelors 
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AG, Mascmnenfabrifc, Basel, Switzerland) using a 500 j*m milling media of type 
PoJymill® 500, 

All particle sixes were measured Using a Horiba LA-91G Laser Scattering Particle 
Size Distribution Analyzer (Horiba Instruments Jrane, £A). The phytosterol particle 
5 meats and D% were obtained from a weight distribution. All formulations are given in 
weight % (w/w). 







Table 1 






Particle size of 5% Phytosterol at 1% stabilizer 






Size at harvest 


Size after 2 weeks at 25 °C 
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Mean 




Mean 




1 min 
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{Pojoxamer 338) 
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1.0%Tween s 80 


119 


187 


139 


187 
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(Polysorbate 80) 


1 19 


187 


139 




187 
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Both : 'formulations exhibit acceptable stability criteria, while the formulation 
10 containing Tween^ 80 appears to perform the best. 



Example 2 

The purpose of this example was to show the feasibility of using a phytosterol 
nanoparticulate dispersion as a food additive. 

15 A phytosterol dispersion, prepared as in Example 1, was added to orange juice 

supernatant at the final concentration of 1% (w/w) phytosterol and 0.1 5% (w/w) Tvveen ■ 
80. Orange juice supernatant was used simply to facilitate the particle size analysis, 
which otherwise would have been obscured by the orange pulp. The supernatant was 
produced bycentrifngation of commercially available orange juice. 

20 Shown below in Table 2 is the stability at room temperature of a phytosterol 

dispersion at a total concentration of 1% (w/w) phytosterol and 0.15% (w/w) Tween® 80 
i n orange juice supernatant. 
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Tab!e2 

Stability tif a Na«0particitfeteFhytMterol 
Comeesitba in Orange Juice Supernatant 


Time 
(dajs) 


Mean 
(am) 


(turns 


J fruit 

sonteatioo 


a 


181 
177 


242 
236 


N 
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— - — 
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166 
166 
194 

186 


219 
™ ""26?" 
253 


N 

Y 

m 

Y 



Ths absence of aggregation over the evaluated time period indicates that the 
formulation is compatible with a fruit juice such m orange juice. This will promote the 
content uniformity (Ui, prevent the phytosterol particles froni sediToeptipg to the bottom) 
as well as to eliminate « gritty mouth feci. 

g will be apparent to t^ose skilled in the art that various mddifteatk>ns and 
variations can. be made m the rnetbods and compositions of the present invention without 
departing from the spinier scope of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this invention provided they come 
within (he scope of the appended claims and their equivalents. 
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We claim: 

1 , A composition comprising; 

(a) particles of at least, one sterol or a salt thereof, wherein the sterol particles 
5 have an effective average particle size of less than about 2000 nm; and 

(b) at least one surface stabiliser. 

2, The composition of claim t, wherein the sterol is selected from the group 
consisting of plain sterols, plant sterol esters, fish oil, sitosterol, sitostanol, phytosteroi, 

10 eampestanol, siigmasterol, coprostanoi, eholestanol, and beta-sitosteroL 

3. The composition of claim 1 or claim 2, wherein the sterol is selected from 
the group consisting of a crystalline phase, an amorphous phase, a semi-crystalline phase, 
a semi-amorphous phase, and mixtures thereof. 

15 

4. The composition of any one of claims 1.-3, wherein the effective average 
particle size of the sterol particles is selected from the group consisting of less than shout 
1000 nm, less than about 1800 am, less than about 1700 nm, less than about 1600 nm, 
less than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than 

20 about 1200 nm, less than about 1 100 nm, less than about 1000 nm, less than about 900 
nm, less than about 800 nm, less than about 700 nm, less than about 600 am, less than 
about 500 nm, less than about 400 nm, less than about 300 nm, less than about 250 nm, 
less than about 200 nm, less than about 100 nm, less than about 75 nm, and less than 
about 50 nm, 



25 



5, The composition of any one of claims I -4, wherein the composition is 
formulated for administration selected from the group consisting of oral, pulmonary, 
rectal, opthalmic, colonic, parenteral, mtracisternal, intravagina!, Intraperitoneal, local, 
buccal, nasal, and topical administration. 
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6. The exposition of any oue of claims 1-5 fbmrateed into a dosage form 
selected from the group coesisdngpf liquid dispersions* oral suspensions, gels, aerosols, 
ointments, creams, eORtte0ed^lc^fon»oJations,,'.to meitfonRulajions, lyophiiised 

5 formulation;;, tablets, capsules, delayed felt^tfa^iftiioatSt extended release 

formulations, pulsatile release formulations, and mixed immediate release and controlled 
release formulations. 

7. The composition of any one of clai ms 1-6, wherein the composition further 
10 comprises o ne or more ph&rmeceuticaUy acceptable exesplents, carriers, or a combination 

thereof 

8. The composition of any: pne of claims 1-7, wherein the at least one sterol 
or a salt thereof is present in an amount selected from the group consisting of from /.about 

IS 99.5% to about 0,001%, from about 95% to about 0i%, and from about 90% to about 
0,5%, by weight, based on the total combined weight of the s terol or a salt thereof and at 
least one surface st^dizer^notrnelading mherescipienh:, 

% The composition of any one of claims i-S, wherein the at least one surface 
20 stabilizer is present its m amount selected from the group consisting of from about 0.5% 
to about 99,999% by weight, from about 5.0% to about 99,9% by weight, and from about 
10% to about 99.5% by weight, based on the total combined dry weight of the sterol or a 
salt thereof and at least one surface stabilizer, not including other excipients. 

25 10. The composition of any one of claims 1-9,, comprising at least one primary 

surface stabilizer and at least one secondary surface stabi I -zer. 
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11. The composition of any one of claims 140, wherein the surface stabilizer 
is selected from the group consisting of an anionic surface stabilizer, a cationic surface 
stabilizer, a zwitterionic surface stabilizer, and an ionic surface stabilizer. 

5 12. The composition of claim I I, wherein the at least one surface stabi lizer is 

selected from the group consisting of cetyl pyridmium chloride, gelatin, casein, 
phosphatides, dextran, glycerol, gum acacia, cholesterol, tragacanth, stearic acid, 
benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol, 
cetomacrogoi emulsifying wax, sorbitan esters, polyoxyethyiene alky! ethers, 

10 polyoxyethylene castor oil derivatives, polyoxyethyiene sorbitan fatty acid esters, 

polyethylene glycols, dodecy! trimethyl ammonium bromide, polyoxyethylene stearates, 
colloidal silicon dioxide, phosphates, sodium dodecylsulfate, carboxymethyleellulose 
Calcium, hydroxypropyl celluloses, hypromeliose, carboxymethyleellulose sodium, 
methylceilulose, hydroxyethylceilulose, hypromeliose phthalate, noncrystalline cellulose, 

15 magnesium aluminum silicate, triethanolamine, polyvinyl alcohol, polyvinylpyrrolidone, 
4-{l,:l,3,3-telramethylbuty!}-phenol polymer with ethylene oxide and formaldehyde, 
poloxamers; poloxamines, a charged phospholipid, dioctylsuffosuccmatc/dialkylesters of 
sodium sulfosuccinic acid, sodium Saury! sulfate, alley! aryi polyether sulfonates, mixtures 
of sucrose stearate and sucrose distearate, p-jsononylphenoxypoiy-(giycidol), decanoyi-N- 

20 methylgiucamide; n-decyl fJ-D-glucopyranoside; n-decyl P-D-maltopyranoside; n-dodecyl 
P-D-glucopynmoside; n-dodecyl [3-D-maUoside; heptanoyl-N-methylglueaimde; n-hepiyt- 
3-D-glueopyranoside; o-heptyl P-D-thioglucoside; n-hexy! 0-D-glucopyranoside; 
nonanoyl-N-methylglucamide; n-noyl p-D-gkicopyranostde; octanoyl-N- 
methylgiucamide; n -octyI"P~D-glucopyranosidq; octyj (J-D-thioglucopyranoside; 

25 lysozyme, PEG-phospholipid, PEG-cholesteroi, PEG-cholesterol derivative, PEG-vjtamln 
A, and random copolymers of vinyl acetate and vinyl pyrrolidone. 
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13 . The composMosi of claim 11, wherein the at least one cation ie surface 
stabilizer is selected from the group consisting of a polymer, a hiopolymer, a 
polysaccharids, a ec'iiukmc, an alginate, a nonpolymerie compound, and a phospholipid. 

5 14, The composition of claim 11, wherein the surface stabilizer is selected 

from the group consisting ofcsiionie lipids, polymethylmethacrylate trimethyl&mroonmm 
bromide, sulfonmm compounds, poiyv?«y3pyrrDiidoee.-2-diHiethyIamiooethyl 
methactylate dimethyl sulfate, hexadecyitrimethy! ammonium bromide, phosphonium 
compounds,, quajternary ammonium compound*, ben£yl-dt(2- 

10 chloraslhyDethylsmmonium bromide, coconut aimethyl ammonium chloride, coconut 
trimechyl ammonium bromide, coconut methyl dihydmxyethyi ammonium ch.fotide» 
coconut methyl dihydaKvetbylammorimrn bromide, decyl triethyl ammonium chloride, 
deeyf dimethyl hydroxyethyl ammoeknn ohiioride, decyl dimethyl hydroxyetbyl 
ammonium chloride bromide, C ;2 . ts .dimetbyl hydroxyeihy I ammonium ebloride, Cs j, 

1 5 isdimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl hydroxyethyl 
ammamum chloride, coconut dimethyl hydroxyethyl ammonium brotniik, myristyi 
triraethyl ammoriium ritsthyl sulphate, lauryl dimethyl benzyl ammon'kun chloride, isturyl 
dimethyl besssyl ammoeium btomide- laiiryl dimethyl fethenoxy}* ammonium, chloride, 
laarvldtmefjiyl (ethenoxy)* ammonium bromide, N-alkyi <Ct2-is>ew;ethylberr£y] 

20 ammonium chloride, K -alky 1 {€w->»)dimahy$-ben?,yl ammonium chloride, N- 

temadecyUdmsthylhenxyl ammonium chloride monohydrate, dimethyl didecyl ammonium 
chloride, N-aikyl and (C u . < 4 ) dimethyl 1 -naprhylmethyl ammonium chloride, 
trimethyiammonium haMde, alkyi-trimethylammoniem salts, dialkykdimethylammomum 
salts, lauryl dimethyl ammonium chloride, ethoxyiared albyamidoalky!dsaIkykmmo«ium 

25 salt, an sthoxylatec niaiky! ammonium salt, dialkylbe«zene dialkyl ammonium chloride, 
N-didecyldsmcthyl ammonium chloride, N-tetradecyMimsthylbeusys ammonium, chlodde 
monohydrate, N-alkyKCjM.*) dimethyl lrnaphthyimsthyl ammomum chloride, 
dodecyldimethylbenzyi ammouium chloride, dialkyl benzaneatkyl ammonium chloride, 
lauryl trimethyl ammonium chloride, a&yibefizyl mediyi ammonium chloride, alkyl 
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benzyl dimethyl ammonium bromide, Ctjtrimethyt ammonium bromides, C\$ trimethyi 
ammonium bromides, C<-,> trimethyi ammonium bromides, dodecylbenzy! rriethyl 
ammonium chloride, poly-diailyidimethylammonium chloride (DADMAC), dimethyl 
ammonium chlorides, alkyldtmethyiatrmioiisimi hsfogemdes, tricet yS methyl ammonium 
5 chloride, deeyltrimethyiammonmm bromide, dodeeyitriethySammoniuni bromide, 

tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride, POLYQUAT 
10™, tetrabutylammonium bromide, benzyl tfimethylammonium bromide, choline esters, 
benzalkonium chloride, stearalkonium chloride compounds, eetyl pyridinium bromide, 
cetyi pyridinium chloride, halide salts of quaternized polyoxyetbylalkyfaraines, 
10 MIRAPOL™, ALKAQUAT™, aikyl pyridinium .salts';, amines, amine salts, amine oxides, 
imide azoiimurn salts* protonated quaternary acryiamides, methylated quaternary 
polymers, and canonic guar. 

15, The composition of any of claims 11, 13, or 14, wherein the composition is 
15 hioadhesive, 

16. The composition of any one of claims 1-15, comprising Pluronic® F1.08 or 
Tween® 80 as surface stabilizers. 

20 17. The composition of any one of claims 1-16, wherein the T mM of the sterol, 

when assayed in the plasma of a mammalian subject following administration, is less than 
the T mx for a conventional, non-nanoparticulate form of the same sterol, administered at 
the same dosage. 

25 1 8. The composition of claim 17, wherein the T HKiJS Is selected from the group 

consisting of not greater than about 90%, not greater than about 80%, not greater than 
about 70%, not greater than about 60%, not greater than about 50%. not greater than about 
30%, not greater than about 25%, not greater thars about 20%, not greater than about 15%, 
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and sot greater' than about lD-% of the IW, exhibited by a rion-nanoparticuiate 
formulation of the same sterol, administered at the same dosage. 

19, The composition of any one of claims 1-18, wherein the C m5J£ of She sterol, 
5 when assayed in the piaama of a mammalian subject foMowiag administration, is greater 

than the 0,,, ; < for a conventional, non-nanoparhcuiate form of the same sterol, 
administered at the same dosage, 

20, The composition of claim 1.9, wherein the C m is selected from the group 
10 consisting of at bast about IQ% at least ahout 20%, at least about at least about 

40%, at least about 50%, at least shout 60%, at least about 70%, at feast about 80%, at 
least about 90%, and at least about 100% greater than the CW exhibited by a noft- 
nanopatiicufete fonmflation of the same sterol, administered at the same dosage. 

15 21, The composi tion of an y one of eM ms 1-20, wherein the AUG of the s terol , 

when assayed in the plasma of a mammalian subject following administration, is greater 
than the AUC for & conventional, aon-nanspartieulave form of the same sterol, 
administered at the sarna dosage, 

20 22, Ilie eomposifion of claim 21 - t wherein the AUG is selected from the group 

consisting of at least, about at least about 20%, at least about 30%,. at least about 
40%, at. least about 50%, at least about 60%, at feast about 70%, at feast about 80%, at 
feast about 90%, and at feast about 100% greater than the AUC exhibited by a Eton- 
nanopartic elate formulation of the same sterol, administered at the same dosage. 

25 

23, The composition of any one of claims 1*22 which does net produce 
significantly different absorption levels when administered under led as compared to 
fasting conditions. 
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24. The composition of claim 23, wherein the difference in absorption of the 
sterol composition of the invention, when administered in the fed versus the fasted state, 
is selected from the group consisting of less than about 100%, less than about 90%, less 
than about 80%, less than about 70%, less than about 60%, less than about 50%, less than 
about 40%, less than about 30%, less than about 25%, less than about 20%, less than 
about 15%, less than about. 10%, less than about 5%, and less than about 3%, 

25. The composition of any one of claims 1 -24, wherein administration of the 
composition to a subject in a fasted state is bioeqtrivalent to administration of the 
composition to a subject in a fed state, when administered to a human, 

26. The composition of claim 25, wherein "bioequj valency*' is established by a 
90% Confidence Interval of between 0.80 and 1.25 for both Cmax and AUC, when 
administered to a human. 

27. The composition of claim 25, wherein "bioequi valency" is established by a 
90% Confidence Interval of between 0.80 and 1.25 for AUC and a 90% Confidence 
Interval of between 0.70 to 1.43 forC ma », when administered to a human. 

28; The composition of any one of claims 1 -27, wherein within about 5 
minutes at least about 20% of the composition is dissolved, wherein dissolution is 
measured in a media which is discriminating and wherein the rotating blade method 
(European Pharmacopoeia) is used to measure dissolution. 

29, The composition of claim 28, in which at least about 30% or at least about 
40% of the composition is dissolved within about 5 minutes. 

30. The composition of claim 28, wherein upon redispersion the sterol 
particles have an effective average particle size of less than about 2 microns. 
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31, The composition' of any one of claims 1-30, wherein within about 10 
minutes at least about 40% of the composition is dissolved, wherein dissolution is 
measured is a media which is discri-?$Mti£g &»d ."#hereti» : -&e 'rotating blade method 

5 (European Pharmacopoeia) is used to Htesasais dissolution. 

32, The composition of claim 31, wherein at least about 50%, about 60%, 
about 70%., or about 80% of* the composition is dissolved within about 10 minutes. 

10 33 , The composition of claim 31, wherein upon redsspersion the. sterol 

particles have m effective average particle size of leas than about 2 microns, 

34, The composition Of any one of claims 1-33, wherein within about 20 
minptes at least about 70% of das composition is dissolved, wherein dissolution is 

15 measured m ft media which is diseri mmating and wherein the rotating blado method 
(European Pharmacopoeia) is used to measure dissolution. 

35, The composition of claim 34, Wherein at least about 80%, about 90%, or 
about 100% of the composition is dissolved within about 20 minutes. 

20 

36, The composition of claim 34, wherein Upon ^dispersion the sterol 
particles have an effective average particle s&e of less than about 2 microns. 

37, The composition of any one of claims I -36, additionally comprising one or 
more non-aterol active agents selected from the group consisting of: 

25 (a) an activs agent useful in treating dyslipidemia; 

(b) an active agent useful in twating hypcrlipideima; 

(c) an acti ve agent useful in treating hypercholesterolenna; 

(d) an active agent useful in treating cardiovascular disorders; 
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(e) an active agent useful in treating hypertriglyceridemia; 

(f) an active agent useful in treating coronary heart disease; 

(g) an active agent useful in treating peripheral vascular disease; 

(h) an active, agent useful as adjunctive therapy to diet for the reduction of 

5 LDL-C, total -C, triglycerides, and/or Apo B in adult patients with primary 

hypercholesterolemia or mixed dyslipidemia (Fredriekson Types fla and 
Ufa); 

(i) an active agent useful as adjunctive therapy to diet for treatment of adult 
patients with hypertriglyceridemia (Fredrickson Types IV and V 

10 hyperiipidemia); 

(j) an active agent useful in treating pancreatitis; 

(k) an active agent useful in treating restenosis; and 

(I) an active agent useful in treating Alzheimer's disease. 

38. The composition of any one of claims 1 -37, additionally comprising one or 
IS mote non-sterol active agents selected from the group consisting of cholesterol lowering 
agents, potycosanois, alkanoyl L-carnitines, antihypertensives, and statins. 



39. The composition of claim 38, wherein the cholesterol lowering agent is 
selected from the .group consisting of ACE inhibitors, nicotinic acid, niacin, bile acid 
20 sequestrate, fibrates, vitamins, fatty acid derivatives, Jong chain plant extract alcohols, 
ezetimihe, and celluloses. 



40. The composition of claim 38, wherein the poiycosano! is selected from the 
group consisting of (1) triacontanoi, (2) hexacontanol, (3) ecocosanol, (4) hexacosanoJ, 
25 (5) tetracosanol, (6) dotriaeontanoi, (7) tetracontanol, (S) natural products comprising 
triacontanoi, hexacontanol. ecocosanol, hexacosanoJ, tetracosanol, dotriaeontanol, or 
tetracontanol; and (9) extracts of natural products comprising triacontanoi, hexacontanol, 
ecocosanol, hexacosanoJ, tetracosanol, dotriacontanol, or tetracontanol. 
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41. The composition of ■claim 38, wherein the antihypertensive is selected from 
the group consisting of diweties, beta btocters, alpha Mockers, ...alpha-beta blockers, 
sympathetic nerve inhibitors, angiotensin converting enzyme (ACE) inhibitors, calcium 

5 channel blocker, and angiotensin receptor blockers. 

42. The composition of claim 38 : , wherein the statin is selected from the group 
consisting of atorvastann; a 64 2-{substitui»d-pytt-sl- l--yl)alkyf]pyran -2-ones and 
derivative other that* atorvastabn; lovastatim afeeto analog of mevinolin other than 

SO tovastatm; pravastatin; simvastatin; veiostatin; fluindostatin; pyrasole analogs of 
rrievaionoiaetone derivatives; sivaststin; a pyridyidihydroxyheptenoic acid other than 
ri vastatin; SC-45355; dichioroaeetate; imidazole analogs of mevalonolactone; 3-carbosy- 
2^hyd^oxy-propan«-;phosphonic acid derivatives; 23-di"St;bstimted pyrrole derivatives: 
2,S-di~£ubsbhited imm derivatives; 2;Mi«8ubstituted thiophene derivatives; naphthyl 

I S analogs of mevaionolaetone; oetahydronaphthsienes; and phosphinie aeidcompotmtis. 

43. The composition according to any one of claims 37-42, wherein at bast 
one of the nomsterbS compounds has an effective average panicle size of greater than 
about .2 microtis. 

44. The composition according to any one of claims 37 -42, wherein at least 

20 one of the nomstercl compounds has an effective average particle sise of less than about 2 
microns. 

45. The composition of any one of claims 1-44, wherein upon administration 
the composition redisperses such that the sterol particles have an effective average particle 
size selectee! from She group consisting of less than about 2000 nm, less that! about 1900 

25 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600 .nm, less than 
about 1500 nm, less, than about 1400 nm, less than about 1300 nm, less than about 1200 
nm, less than about 1 1.00 nm, iess than about 1000 nm, less than about 900 nm, less than 
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about 800 rnn, less than about 700 nm, less than about 600 nm, less than about 500 nm, 
less than about 400 nm, less than about 300 hm, less than about 250 nm, less than about 
200 nm, less than about 150 nm, less than about 100 nm, less than about 75 nm, and less 
than about 50 nm. 

5 

46. The composition of any one of claims i-44, wherein the composition 
redisperses in a biorelevant media such that the sterol particles have an effective average 
particle size selected from the group consisting of less than about 2 microns, less than 
about 1900. nm, less than about 1 .800 nm, less, than about 1700 nm, less than about 1600 

10 nm, less than about 1500 nm, less than about .1400 nm, jess than about 1300 nm, less than 
about 1200 nm, less than about 1 100 nm, less than about 1000 nm, less than about 900 
nm, less than about 800 nm, less than about 700 nm, less than about 600 nm, less than 
about 500 nm, less than about 400 nm, less than about 300 nm, less than about 250 nm, 
less than about 200 nm, less than about 150 nm, less than about 100 nm, less than about 

15 75 nm, and less than about 50 nm. 



47. A method of making a sterol composition comprising contacting particles 
of at least one sterol or a salt thereof with at feast one surface stabilizer for a time and 
under conditions sufficient to provide a sterol composition having an effecti ve average 

20 particle size of less than about 2000 nm. 

48, The method of claim 47, wherein said contacting comprises grinding. 

49. The method of claim 48, wherein said grinding comprises wet grinding. 

25 

50, The method of claim 47, wherein said contacting comprises homogenizing 



51. The method of claim 47, wherein said contacting comprises: 

(a) dissolving the particles of a sterol or a salt thereof in a solvent; 
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(b) adding the resulting Sterol scdinior? tb a solutksn comprising at 
least one surface -stabilizer; and 

(c) precipitating she seiubUizcd sterol having at least cm surface 
stabiHzer adsorbed &n the surface thereof by the addition thereto of 

5 a oon-solveni ; , 



10 



52. The method of my one of claims 47-51. wherein the sterol is selected from 
the group consisting of plant sterols, plant sterol esters, fish oil,; sitosterol, sitostanol, 
phytosterol, campestanoi sttgroa&tetol. CQprostanoj, cbolestanol, and beta-si tosteroh 

53. The method of my. on© of claims 47-52, wherein the sterol or a salt thereof 
is selected from the group consisting of a crystalline phase, an amorphous phase, a semi- 
crystalline phase, aaemknnorphous phase, and mixtures thereof, 



15 54, The method of any one of claims 47-53, wherein the effective average - 

particle size of the sterol particles is selected from the group coosisdog of less than about 
1900 am, less than about 1800 ■•am, less than about 1700 nm, less than about 1600 nm, 
less than about 1500 nm, less than about 1000 nm, less than about 1400 tsm, less than 
about 1300 rim, less than about 1200 nm, less: than about 1 100 nm, less than, about 900 

20 nm, less than - about 800 rim, less than about 700 nm, less than about 600 nm, less than 
about 500 nm, less than about 400 nm, less than .about 300 nm, less than about 250 nrc. 
less than about 200 nm, less than about 100 ttm, less than about 75 nm, and less than 
about 50 nm. 



25 55. The method of any ooc of claims 47-54, wherein she imposition i s 

formulated lot administration selected from the group consisting of oral, pulmonary, 
rectal, opthairroc, colonic, parenteral, iutmctstemal, intevaginaS, intraperitoneal, local, 
bacca!, nasal, and topical administration. 
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56. The method of any one of claims 47-55, wherein the composition further 
comprises one or more pharmaceutical ly acceptable exeipients, carriers, or a combination 
thereof. 

5 57. The method of any one of claims 47-56, wherein the sterol or a salt thereof 

is present m an amount selected from the group consisting of from about 99.5% to about 
0.001%, from about 95% to about 0.1%, and from about 90% to about 0.5%, by weight, 
based on the total combined weight of the sterol or a salt thereof and at least one surface 
stabilizer, not. including other exapients. 

10 

58, The method of any one of claims 47-57, wherein the at least one surface 
stabilizer is present in an amount selected from the group consisting of from about 0.5% 
to about 99.999%, from about 5.0% to about 99,9%, and from about 10% to about 99 5% 
by weight* based on the total combined dry weight of the sterol or a salt thereof and at 

15 least one surface stabilizer, not including other exeipients. 

59. The method of any one of claims 47-58, comprising at least one primary 
surface Stabilizer and at least one secondary surface stabilizer, 

20 .60. The method of any one of claims 47-59, wherein the surface stabiliser is 

selected from the group consisting of an anionic surface stabilizer, a cattome surface 
stabilizer, a zwitteriontc surface stabilizer, and an ionic surface stabilizer, 

6 i . The method of claim 60, wherein the at least one surface stabilizer is 
25 selected from the group consisting of eery! pyridinium chloride, gelatin, casein, 
phosphatides, dextran, glycerol, gum acacia, cholesterol, tragacanth, stearic acid, 
benzalkomum chloride, calcium stearate, glycerol monastearate, cetostearyi alcohol, 
cetomacrogo! emulsifying wax, sorhitan esters* polyoxyethyiene alkyl ethers, 
poiyoxyethylene castor oil derivativea, polyoxyethylene sorbitan fatty acid esters, 
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polyethylene glycols, dodeey] trimemyl ammonium bromide, p otyoxyethyleoe stearates, 
colloidal silicon dioxide, phosphates, sodium dodeeylsujiate, caiteymethyleellulose 
calcium, hydroxyfjsop^cdlaid^ sodium, 
melhyiceiiuiose, hydroxvethylcellufose, hypromeliws phmalate, noncrystalline cellulose, 
5 magnesium aluminum silicate, triethanolamme, polyvinyl alcohol, polyvinylpyrrolidone,. 
4-(l ,1 ,33~tetramethymutyl)-phenol polymer with ethylene oxide and formaldehyde, 
poioxamers; polox amines, a charged phospholipid, <fiectylsuifosucemate, dt&lkylestera of 
sodium syifosdcdnic acid, sodium lauryl sulfate, alkyl aryi polyether sulfonates, mixtures 
of sucrose stearate and sucrose distearate, p-isorionylphsnoxypoiy-Cglycidoi), decanoy! -N- 

10 methylglucamide; ;v-de<:yl B-D-gtucopyranosnie; ii-cieeyl ^-D-ma!topyranosid«; n-dodeeyl 
£-D-gtacopyianpside; svdodeeyl |mma1fo^devh^^yi-N-6Kthylglucamide; n-heptyb 
P-D-ghicQpyra^pskte; n-hsptyl BT>-duogiucoside; n-hexyl fSTXgiucopymnoside; 
nonanoyl-N-methylgitK^ide; n-noyl ^-D-glueopyrartoside; pctanoyi-N- 
ffiethylglacamide; n-oety!~Pd3~giaoopymnoside; eetyl £H>-thiogloeopyratmside; 

15 iysoiyme, PBG-phosphoijpid, PEG -cholesterol, PEG-cholsstero'l derivative, PEG-ybamm 
A, PEG-vtlaraln E, and $mkm copolymers of vinyl acetate .and vinyl pyrroiidone. 

62, The method of claim of), wherein the at least one caiiomc surface stabilizer 
is selected from the grotm eonsistuig of a polymer, a blopolytnet, a polysaccharide, a 

20 celhddsicv an alginate, a nonpolymerie compound, and a phospholipid 

63. The medicaid id claim 60, wherein the surface stabilizer is selected from the 
group consisting of cationlc lipids, polymethylmethaeryiste trhnethytatnrnonlum bromide, 
sulfonium compounds, poiyvinylpyrroildone--2~dimethylammoeEhyl meihacrylate 

25 dimethyl sulfate, hexadecyltrimsthy! arnMoniam bromide, phosphonium compounds, 
quarternary ammonium compounds, benaybdi(2-chloroethyl)ethylammoiiiun? bromide, 
coconut triroethyt ammonium chloride, coconut trirnethyl ammonium bromide, coconut 
methyl dihydroxyethyi ammonium chloride, coeonyt methyl dihydroxyethyl ammonium 
bromide, deeyi triethyl ammonium chloride, deeyl dimethyl hydmxyethyl ammonium 
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chloride, decyl dimethyl hydroxyethyl ammonium chloride bromide. Cij-jsdimeihyl 
hydroxyethys ammonium chloride, Cn-utiimethyrhydroxyethyl ammonium chloride 
bromide, coconut dimethyl hydroxyethyl ammonium chloride, coconut dimethyl 
hydroxyethyl ammonium bromide, rrsvristyi irimethyl ammonitim methyl sulphate, laury! 
5 dimethyl benzyl ammonium chloride, lauryl dimethyl benzyl ammonium bromide, lauryl 
dimethyl (ethenoxy) 4 ammonium chloride, lauryl dimethyl (ethenoxy>4 ammonium 
bromide, .N-alkyl (C^. n0 methyl benzyl ammonium chloride, N-aiky! (C|4-i8)dimemyl- 
benayl ammonium chloride. N- tetradecyl tdmethylbenzyl ammonium chloride 
monohydrate, dimethyl dideeyl ammonium chloride, N-alkyl and (C 12.54) dimethyl 1- 

10 napthylmethyl ammonium chloride, trimethylammonium halide, alkyl- 

trimeihylammomum salts, dialkyl-dirtKthylammonitm) salts, lauryl tri methyl ammonium 
chloride, ethoxylated alkyamidoalkyldialkylammonium salt, an ethoxyiated triaikyl 
ammonium, salt, dialkyJbenzene dial kylammoni urn chloride, N-didecyldimethyl 
ammonium chloride, NHetradecyldimethylbettzyl ammonium, chloride morsohydrate, 'N~ 

15 8lky1(Cs2-i4) dimethyl 1-tiaphthylmetliyi ammonium chloride, dodecyidi methyl benzyl 
ammonium chloride, dialkyl benzenealkyl ammonium chloride, lauryl trimethy! 
ammonium chloride, a'lkylbenzyl methyl ammonium chloride, alkyi benzyl dimethyl 
ammonium bromide, G^tri methyl ammonium bromides, Cjs trimethyl ammonium 
bromides, Cn tri methyl ammonium bromides, dodecylbenzyl triethyl ammonium 

20 chloride, poly-diaOyidimethylammomum chloride (DADMAC), dimethyl ammonium 
chlorides, alkyldimethylammonium halogenides, trieetyl methyl ammonium chloride, 
decyltrimethylammomum bromide, dodecyltriethylammonium bromide, 
tetradeeyltrimethylammonium bromide, methyl trioctylammonium chloride, POLYQUAT 
10™, tetrabutylammonmm bromide, benzyl trimethylammonium bromide, choline esters, 

25 benzalkomum chloride, stearalkonium chloride compounds, cety! pyridi mum bromide, 
cetyl pyridimum chloride, halide salts ofquaterntzed polyoxyethylalkyiammes, 
MIRAPOL™, ALRAQUAT™, aikylpyridmiam salts; amines, amine salts, amine oxides, 
imide azolmiura sabs, protonated quaternary acryf amides, methylated quaternary 
polymers, and catiomc guar. 
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64. The method of any of claims 60, €2, or 63. wherein the composition is 
bioadhestve. 

5 65, The method of way -one of claims 47-64:, coffiprising f lyronis'" F10S or 

Tween* 80 its surface stabilizers. 

66. A method of treating* sobjfcctfri need comprising admmtsietihg to the 
subject an effective amount of a composition comprising; 
i0 (a) panicles of a sterol or & sail hereof, wherein the sterol particles have an 

affective average particle size of less than aboat 2000 nm; and 
(b) at least one surface stabilizer associated with the surface of the sterol 
panicles. 

iS 67. The msth^ t»£blatn*#§, wh^a^e's^esccV is-selectiftd from the-gropp 

consisting of plast sterols, plant sterol esters, fish oil, sitosterol, sitosfanol, phytosterol, 
campeshthoh sligmasteroi, eoprosranol, cholestatic! , and beta--si.tosterol. 

68. The method of daim 66 or claim 67, wherein the sterol or a salt thereof is. 
20 selected from shfe group consisting of a crystalline phase, an amorphous phase, a semi- 

crystalline phase, a semi -amorphous phase, admixtures thereof. 

69, The method of any one of claims 66-68, wherein the effective average 
particle size of the sterol particles is selected from the group consist! tig of less than about 

25 1900 nm. leas than about 1800 nm, less than about 1700 nm, less then about 1600 .am, 
less than about 1500 urn, less than about 1400 nm, less than about 1300 nm, less than 
about 1200 nm, less than about 1 1 00 nm, less than about 1000 nm, less than about 900 
nm, less than about 800 nm, iess than about 700 am. less than about 600 nm, less than 
about 500 nm, less that! about 400 nm, less than about 300 urn, less than about 250 ore, 
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less than about 200 nm, less than about 100 nm, less than about 75 am, and less than 
about 50 nm. 

70. The method of any one of claims 66-69, wherein the composition is 
formulated for administration selected from the group consisting of oral, pulmonary, 
rectal, opihalniic, colonic, parenteral, intraei sternal , intravaginal, intraperitoneal, local, 
buccal, nasal, and topical administration. 

71 . The method of any one of claims 66-70, wherein the composition is a 
dosage form selected from the group consisting of liquid dispersions, oral suspensions, 
gels, aerosols, ointments, creams, controlled release formulations, fast melt formulations, 
iyophiliz-ed formulations, tablets, capsules, delayed release formulations, extended release 
formulations, pulsatile release formulations, and mixed immediate release and controlled 
release formulations. 

72. The method of any one of claims 66-71, wherein the composition further 
comprises one or more pharmaceuticaily acceptable excipients, earners, or a combination 
thereof. 

73. The method of any one of claims 66-72, wherein the sterol or a salt thereof 
is present in an amount selected from the group consisting of from about 99.5% to about 
0.001%, from about 95% to about 0.1%, and from about 90% to about 0.5%, by weight, 
based on the total combined weight of the sterol or a salt thereof and at least one surface 
stabilizer, not including other excipients, 

74. The method of any one of claims 66-73, wherein the at least one surface 
stabilizer is present in an amount selected from the group consisting of from about 0,5% 
to about 99.999% by weight, from about 5.0% to about 99.9% by weight, and from about 
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J 0% to about 99-5% by weight, based on the tstai eombmsd dry weight of the sterol ot a 
salt thereof and at least one surface -stabilizer, not inelwdtfsg other exdpients. 

75. The method of any one of claims 66-74, comprisi ng at least one primary 
surface stabiliser and at least one secondary surface stabilizer. 

76. The method of any one of claims 66-75, wherein- the surface stabilizer h 
selected from the group consisting of an anionic surface stabilizer, a oaticnic surface 
stabilizer, a ?.witteriomc surface stabilizer, and an ionic surface stabilizer. 

77. The method of claim 76, wherein the at least one. surface stabilizer is 
selected from line group consisting of ceiyl pyridmium chloride, gelatin, casein, 
phosphatides, dsxtrsn, glycerol, gum acacia, cholesterol, irag&cauth, stearic acid, 
beiualkommst chloride, calcium situate, glycerol monostearate, cetostearylsicohoi, 
eetomacrogo! emulsifying wax, sorbitan esters, poly oxyethylsne alky i ethers, 
polyoxyethylene castor oil derivatives, polyoxyemyk-ne sorbitan fatty acid esters, 
polyethylene glycols, dodecyl trirnethyj ammonium bromide, polyosyethylerie stearat.es, 
colloidal: silicon dioxide, phosphates, sodium dodecyisulfate, earhoxymethyleeHulose 
calcium, hydroxypropyl eeUuloses:, hyproBiello.se, earboxymethylegllulose sodium, 
methyieelluiose, hydroxyethylcelluldse, hypromellose phthaiate, noncrystalline cellulose, 
magnesium aluminum silicate, triethanoiamine, polyvinyl alcohol, polyvinylpyrrolidone, 
4-(l T i,3 > 3"tetrametbyil«ayl>phenoi polymer with ethylene oxide and formaldehyde, 
poloxamers; polox amines, a charged phospholipid, dioctyisulfosuccinaie s diafkyiesters of 
sodium sulfosuceinic add, sodium tsyryi sulfate, alkyiaryl poiyether sulfonates, mixtures 
of sucrose stearatcami sucrose disieanrte, p-jsononylphenoxypoly-{g;yeidoi), deeauoyl-N- 
■P.cthylgiucamide; n-decyl: p-D*giucopyra«oside; n-decyl 0-D-maitopyranosKie; n-dociecyl 
p -D-glueopyranos i <fe ; rs -dodecyl0-D--maltoside; heptanoyl-N-methyl glucanude ; n-heptyl- 
|;VD-gh:ux7py«n5oside; n-heptyi B-D~shiogiucoside; n hexyl|i-i)--glucopyrano3ide; 
nonanoyl -N-rnethylglecaniide; n-noyi 0-D-g3ucopyranosids; oetanoyl-N- 
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methylglucamide; n-octyl-p-D-giueop^noskfe; oetyi ji-D-thiogiucopyranoside; 
lysoxyme, FEG-phospholipid, PEG-cholesterol, PEG-eholesieroI derivative, PEG-vttamin 
A, PEG-vitamin B, and random copolymers of vinyl acetate and vinyl pyrrolidone. 

5 78, The method of claim 76, wherein the at least one cationic surface stabs Sizer 

is selected from the group consisting of a polymer, a biopoiymer, a polysaccharide, a 
cellulosie, an alginate, a nonpoiymerfc compound, and a phospholipid. 

79. The method of claim 76, wherein the surface stabilizer is selected from the 

10 group consisting of benzalkonium chloride, polymethylmethacrylate triraethylammomum 
bromide, polyvinylpyrroHdone-2-dimethylaminoethyl methacrylate dimethyl sulfate, 
hexadecyltrifftethyl ammonium bromide, cationic lipids, sulfonium compounds, 
phosphomum compounds, quarternary ammonium compounds, benzyl«di(2* 
ehloroethyl)ethyiajr!monium bromide, coconut trimethyl ammonium chloride, coconut 

15 trimethyl ammonium bromide, coconut methyl dihydroxyethy! ammonium chloride, 
coconut methyl dihydroxyethyi ammonium bromide, decyi triethyi ammonium chloride, 
decyl dimethyl hydroxyethy! ammonium chloride, decyl dimethyl hyd.roxyet.hy! 
ammonium .chloride bromide, Csj.isdimethy! hydroxyethy! ammonium chloride, Cn- 
{jdtmethyj hydroxyethy! ammonium chloride bromide, coconut dimethyl hydroxyethy! 

20 ammonium chloride, coconut dimethyl hydroxyethy! ammonium bromide, myristyi 

trimethyl ammonium methyl sulphate, lauryl dunethyl benzyl ammonium chloride, lauryl 
dimethyl benzyl ammonium bromide, lauryl dimethyl (ethenoxy)* ammonium chloride, 
lauryi dimethyl (ethenoxy)* ammonium bromide, N-alfcyl (C;24s)dimethyibenzyl 
ammonium chloride, N-alkyl {C^.^dimemybbenzyl ammonium chloride, N- 

25 tetradecyfidmetbylbenzyJ ammonium chloride monohydrate, dimethyl didecyl ammonium 
chloride, N-alkyl and (Cu-u) dimethyl I-napthyimethyi ammonium chloride, 
trimethylammonium halide, aikyltrimethylanmicnuum salts, dialkyi-dtmethylammonium 
salts, laury! trimethyl ammonium chloride, ethoxylated alkyamidoalkyldialkylammonium 
salt, an ethoxylated trialkyl ammonium salt, diaSkylbenzene dialkyi ammonium chloride, 
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N~didecyidimet.hyi ammonium chloride, -N-ieaa^yj^^thyib*sn^ ammonium, chloride 
monohydrate, N-dkyl(Cr^u) dimethyl i-ngphthylmethyl ammomamchioride, 
dodeeyldmiethylbeaxyl ammonteffi chloride, dialfcyl benzeneslkyl ammonium chloride, 
iauryi trimethyl ammonium chlerkfe,. alkylt&ffeyl meCbjiaBimonium chloride, alky! 
5 benzyl dimethyl ammonium bromide, C^trimethyi ammonium .bromides, C i5 trimethyl 
ammonium bromides, Cjy trimethyl atfmiotrium bromides, dodeeylbenzyi triethyl 
ammonium chloride, polydnuiyldiraemylammoraum chloride (DADMAC), dimethyl 
ammonium chlorides, aikyid^methykminonium hsiogem«lss, tricetyl methyl ammonium 
chloride, deeyUrimethylammoniym bromide, dodecyltriethylammonium bromide, 

10 tetra<kcyltri5«cthyfemmonmm bromide, methyl triociyiammonium chloride, POLYQUAT 
10™, tetrsfeulylammonfiuh. bromide, benzyl trimethylarmramium bromide, choline esters, 
benzalkomum chloride, stearalkordum chloride compounds, ceiyi pyridinlum bromide, 
cetyj pyridmium chloride, hali.de safes of quaternized polyoxyethyl alky I amines, 
MIRAPOL™, ALKAO'OAT^ alky! pyridmiam sabs; amines, amine salts, amine oxides, 

.15 imide axoiinitim salts,, protonated quaternary acrylaroides . methylated quaternary 
polymer, andeatioms gnaf. 

80. The method of any of claims 76, 78, or 79, wherein the composition is 
hioadhesjve. 

20 

8 1. The method of any one of claims 66~80 s comprising Pluronie*' P108 or 
Tweet?.** 80 as sarfeee stabilizers. 

82. The method of any one of claims 66-81 , wherein admiojstration of the 
25 sterol composition does not produce significantly different absorption, levels when 

administered underfed as compared; to fasting conditions, when administered to a human. 

S3 . The method of claim 82, wherein the difference in absorption of the sterol 
composition of the invention, when administered in the fed versus the fasted state, is 
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selected from the group consisting of jess than about 100%, less than about 90%, Jess than 
about 80%, less than about 70%, less than about 60%, Jess than about 50%, Jess than 
about 40%, less than about 30%, less than about 25%, less than about 20%, less than 
about 1 5%, less than about 10%, less than about 5%, and less than about 3%. 

5 

84. The method of any one of claims 66-83, wherein administration of the 
composition to a subject in a fasted state is bipequi Valent to administration of the 
composition to a subject in a fed state, when administered to a human, 

10 85, The composition of claim 84, wherein "bioequivalency" is established by a 

90% Confidence Interval of between 0.80 and 1.25 for both CW and AUG, when 
administered to a human. 



86, The method of claim 84, wherein "bioequivalency" is established by a 90% 
15 Confidence Interval of between 0.80 and 1.25 for AUC, and a 90% Confidence Interval of 
between 0,70 to J .43 for C ntiX , when administered to a human. 



87. The method of any one of claims 66-86, wherein the 7 mx of the sterol, 
when assayed in the plasma of a mammalian subject following administration, is less than 
20 the Tm*x for a conventional, nomnanoparticulate tonn of the same sterol, administered at 
the same dosage, 



88. The method of claim 87, wherein the T-» is selected from the group 
consisting of not greater than .about 90%, not greater than about 80%, not greater than 
25 about 70%, not greater than about 60%, not greater than about 50%, not greater than about 
30%, not greater than about 25%, not greater than about 20%, not greater than about 15%, 
and not greater than about 10% of the T mS j, exhibited by a non-nanoparticulate 
formulation of the same sterol, administered at the same dosage. 
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89. The method of any one of claims 66--BS, wherein the £W of the sterol, 
when assayed m the plasma of a mammalian subject following administration, is greater 
than the C tai> * for a convenbonaL non-nanoparticaiate farm, of the same sterol, 
administered at the same dosage. 



90. The method of claim 89, wherein the Qa»x is selected from the group 
consisting of at least about 10%, at least: about 20%, at least about 30%, at least about 
40%, at leas; about 50%, at least about 60%, at test about 70%* at least about 80%, at 
least about 90%, and at least about 1 08% greater than the C tW)X exhibited by a non- 

10 nanopajticulate formulation of the same sterol* administered at the same dosage. 

91, The method of any one of claims 66-90, wherein the AUC of She sterol, 
when assayed in the plasma of a mammalian subject following administration, is greater 
than the AUC for a con ventional, uon-nanoparticulate form of the same sterol, 

15 administered at the same: dosage, 

92, The method of claim 91 , wherein the AUC is selected from the group 
consisting of at least 'about: iG%,st least about 20%, at least about '30.%, at least about 
40%, at least about 50%, at least. about 60%, at least about 70%, at least about 80%, at 

20 least about 90%, and at least about 100% greater than the AUC exhibited by a non- 
nanopanibu;iate formulation of the same sterol, administered at the same dosage. 

93. The method of any one of claims 66-92, additionally comprising 
administering one or more ooii-seaal active agents selected from the group consisting of: 

25 (a) an active agent useful in treating dyslipidemia; 



5 



Ch) 
(c) 
(d) 



an active agent useful in treating hyperlipidemia; 
an active agent useful in treating hypercholestsmiemia* 
an active agent useful in treating cnMiOvascnlar disorders; 
an active agent useful In treating hypertriglyceridemia; 
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if) an active agent useful in treating coronary heart disease; 

(g) an active agent useful in treating peripheral vascular disease; 

(h) an active agent useful as adjunctive therapy to diet for the seduction of 
LDL-C, total-C, triglycerides, and/or Apo B in adult patients with primary 

5 hypercholesterolemia or mixed dyslipidernia (Fredriekson Types Ha and 

Jib); 

(i) an active agent useful as adjunctive therapy to diet for treatment of adult 
patients with hypertriglyceridemia (Fredriekson Types IV arid V 
hyperlipidemia); 

10 (j) art active agent useful in treating pancreatitis; 

(k) an active agent useful in treating restenosis; and 

(1) an active agent useful in treating Alzheimer's disease. 

94. The method of any one of claims 66 -93 , additionally comprising 
administering one or more non-stead active agents selected from the group consisting of 
15 cholesterol lowering agents, polycosanols, alksnoyl L-carri! tines, antihypertensives, and 
statins. 



95. The method of claim 94, wherein the cholesterol lowering agent is selected 
from the group consisting of ACE inhibitors, nicotinic acid, niacin, bile acid sequestrarsts, 
20 fihrates, vitamins, fatty acid derivatives, long chain plant extract alcohols, ezetimibe, and 
celluloses. 



96, The method of claim 94, wherein the polycosanol is selected from the 
group consisting of (1) triacontanoi, (2) hexaeontanoi, (3) ecocosanol, (4) hexacosanol, 
25 (5) tetracosanol,, (6) dotriacomanoi, (7) tetracomanoh {8} natural products comprising 
triacontanoi, hexacontanol, eeocosasml, hexacosanoh tetracosanol, dotriacontanol, or 
tetracontanoi; and (9) extracts of natural products comprising triacontanoi, hexacontanol, 
ecocosanol, hexacosanol, tetracosanol, dotriacontanol, or tetracontanoi. 
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97, The meshed of claim 94, whsmtn the -'^ti hypertensive is selected fro?)! she 
group consisting of diuretics, beta blockers, alpha blocker:;, alpha-beta blockers, 
sympathetic nerve inhibitors, angiotensin converting enzyme (ACE) Inhibitors, calcium 
5 channel blockers, and angiotensin receptor Mockers, 



98. The method of claim 94, wherein the statin is selected from the group 
consisting of atsrvastadu; a 6^2-(substitufed"p>W!h4:"yf)askyl]pyTan-2-ones and 
derivative other than atorvastaiin; ksvsstatlm $ feto analog of mevinoiin other than 

10 lovastatin; pravastatin; simvastatin; velostatin; tluindostatin; pyrazole analogs of 

mevalonolaotone derivatives; rivastatim a pyridykrihydroAyhepfenploacid other than 
rivaslahn; SC-45355; dichloroacetate; imidazole analogs of mevalonolactone; 3-carboxy- 
2~hy<|foxy~propatve-phosphonio acid derivatives; '23-di-sobstHuted pyrrole derivatives; 
2,3-di-sabstitutsd: ton derivari veg; 2 5 3~di-aub:«jtuted thiophene derivatives; naphthyl 

IS analogs of mevaionalaetone; octaivydronaphthalenes; and phospbihic acid compounds, 

99, The method of any one of claims wherein the sabjeet h a human. 



I..00. The method of any one of claims 66-99, wherein the method is used to 
20 treat a condition selected from the group consisting of hypercholesterolemia, 

hypertriglyceridemia, coronary heart disease, cardiovascular disorders, and peripheral 
vascular disease . 

1.0.1 . The method of any one of claims 66-99, wherein the method is ased as 
25 adjunctive therapy to diet for the reduction of £Di>C, tot&l-C. triglycerides, or Apo B In 
adult patients with primary hypercholesterolemia or mixed dyslipidsmia. 



102. The method of any one of claims 66-99, wherein stse method is used as 
adjunctive therapy to diet for oreatrnent of adult patterns with hypertriglyceridemia- 
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103. The method of any one of claims' '66-99, wherein the method is used to 
decrease the risk of pancreatitis. 

104. The method of any one of claims 66-99, wherein the method is used to 
decrease the risk of or to treat Alzheimer's disease, 

105. The method of any one of claims 66-99, wherein the method is used to 
treat indications where lipid regulating agents are typically used. 
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